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#77 FALTERABLE VIRUS AND RICKETTSIA DISEASES 
" t е 
. n By БАМ. BALDWIN MCKINLEY 
bra . . 
r : FOREWORD . К 
.. Of the diseases affecting man, animals, plants, fowls, fishes, 


** ‘and insects there are over sixty which have been proved to be 
caused by ultramicroscopic or filterable viruses or are thought 

* to be caused by agents of this nature in the absence ol any 

^. demonstrable etiologic factor. 

* + Notable reviews* of filterable viruses have been published, 
during the last twenty years among which may be mentioned 
reviews by Prowazek,(1) Lipschittz,(2) Simon,{3) MacCil- 
Jum, (4) and Rivers.(5) Most of the available reviews that have 
been written on this subject have been of an analytical nature 

4 ef use primarily for the advanced student and fnyestigator 

"whose background of the subject in general is father broad, 

*a ° cand the elementary facts have been omitted аз unnecessary fos 

1+ the reader. Such also are the discussions by Wolbash (1912), “ 


$ Doerr (1911), Roux (1903), Loeffler (1911), Bayon (1926), 
M'Fadycan (1908), Philbert (1924), Kraus (1926), aud Twort 
11928). . 


7 Since this review was completed Filterable Viruses, edited by-T, M. 
Rivers, published by the Williams & Wilkins Company, Balti ore, uas 
ffgeqred. This notable work cqntaims ten chapters Written by fen differ- 

N сМ pter represents a critical essay оп separ phase 


egt men. 
e tof the subject. Thk present work aims to be more comprehensive than 
Ж Filterable Viruses ad is presented in a descriptive rather ehan a eritical 
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' most part, ure nat applicable to the study of filterable vigus 
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In the following pages the author Баз brought together в 27, 

revjew of the knowledge concerning these various disnases fo- ы р 

gether with a bibliography which it is hoped will be useful for * | 

workers and beginning students іп this field. While the manner n р 


of presenting the material is somewhat similar to text form, it 
4з so presented in order to bring together ay inyentory of the 
field ‘and the final chapter will deal in an analytical way with > В 
ihe materia] which will be presented іп the following pages ^ 
together with contemporary theught on the subject. ’ While the s 
subject milter will emphasize principally the human medical 
problems involved, there Ваз been included in addition, to the 
diseases of man caused by filterable viruses and rickglisie, tha 
diseases of animals, fowls, plants, fishes, and. insects so>? 4 
fall into this category. , . Я 
The study of the filtcrable viruses aryl their diseases has withjn 
recent years become 2 highly specialized field in the science of 
microbiology. Af present the approach to the study-of these 
diseases and their viruses is marked definitely on the part of |, 
investigators by their background as pathologists and bacterio- MEL 
logis. Occasionally а small beam of light emanating from 2 
some slight change in method or technic is fogused on particdlar 
phases of the subject. Gradually а belief has developed that 
before any great progress will have been made in unraveling the 
mysteries attending the study of these agents aa entirely new 
method of approach and attack must be devised. Тһе principles 
applied in the study of bacteria may in the end be totally in- 4 
adequate іп dealing with the group or groups of filterable viruses. — 4 ' 
The scienze of bacteriology has depended largely upon moro 
phology and thnetional activity of organisms in artificial media ° 
fot the classification of bacteria, but these methods, for the o 7 > 


It was the thought in compiling this work that а compre- 
hensive presentation of the available data concerning diseases of 
man due to filterable viruses along with the similar conditioas іп” 
animals, fowls, insects, fishes, and plants might serve as a 
review of the field and possibly aid and stimulate progress in 
the stud of this interesting and important group of diseases, 

In the present stage of our knowiedge of ү filtcrable vîrûs 


and tickdltsia diseases, we may include four g}neral groups of > 
diseases: (a) "Thoso diseases known to be caused by ultramicros-^ 
copig"and filterable viruses; (b) those diseases which in the 7 
absence of any demonstrable etiologic agait are thought to ђе" 
Caused by füteralle yiraseš? (с) "ћоће diseases for which ge- 
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finito bacterial or protozóal forms have been described as efiolog- ‹ 
ical agemis but which, in many cases, we are unable to accent 
with finality, or the filterability of the mierobegn question has 
nat been definitely settled; and (d) the group of diseases known 
of thought to be caused by rickettsia, the ultimate classitication 
of which is ungetegnined. e 

« Upon the basis bf these four groups of diseases this resiew 
has been prepared. The author realizes that in many instances 
the ground is not sure, and the future may determine that many 
of the discases included should be'cigssified elsewhere. “However, 
we canngt prophesy what our futyre knowledge may be in this 
regard, Dit, we can approximate what is now known and thought 

* concerping the subject. 

4 Apologies then are offered for the vagueness concerning Cer- 


° taip diseases and vaeillatiqns of contemporary thought regard- 


‘ing many of them which seems to be necessary in view of the ¢ 
limited knowledge concerning these groups of diseases. « 

The author makes no claim for extensive original work in this, 
field though it is a phase of medical research in which he is 
most interested. Extensive reading of the work of other.inves- 
tigators has been a great source of pleasure and highly instruc- 
tive, The author has sclected what has appeared to him to be 

* the most important articles dealing with each subject but is, 
weil aware that such a sclection may involve errors and that 
others might consider work not cited in these pages as bciüg 
more important. It is the plan of the author to revise and 
amplify this entireework at а later date as the development 
« the subject proceeds. Meanwhile it is offered insits present 
‘form as an initial effort to bring together the Salient facts. 
pertaining to thé subject. It is hoped that this review will МЕ 
of valye gand interest. oof 

EARL BALDWIN McKiNuE ` 
March, 1928. 


„ Burgau of Science, Manila, P- 
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CHAPTER T 
e . INTRODUCTION. 


% 4 
В ы DEFINITION 
Loeffler itr 1898 defined а fiterable virus as "the Virus of an 
А infectious disease which is so small that it will pass through the 


* < pores of a Berkefeld or Chambertfind filter." An ultramicro- 
керіс vits is a virus too small tobe sean with a microscope. 

с ‘it is most {ficult to formulate а definition of a virus which 

“ will f even the meager facts known about viruses to-day and 
Sat the same time provide a,concept for hypothetical viruses of 

* hich practically nothing is known. Undoubtedly we all have 
а mental cencept, or mind picture, of what we consider a vigus. 

«We may adhere tenaciously to the Бейс? that aN! viruses are 

»* living agents and are represented by minute bodies of the nature 
of very small germs or particulate units, or we may considgr the 

vast majority of virgses in this light and recognize the further 
possibility that viruses may exist in an unorganized state, We 
“тау even be willing to admit the possibility that some viruses 
are nonliing. The facts are that we do not know the exact 
nature of many so-called viruses, and we do not possess enough 

. accurate information to enable us to make a decisive statement 
, өсіп the matter. We have impressions, ideas, and theories; we 
have personal convictions based on experience, experiment, logic, 

and reason; but with regard to many filterable virusfs, the great 
>° majority in fact, we lack both cultural and morphelogica! data 
5 and our formation is essentially limited to the relation of these 
viruses to external physical agents. What then should be opt 
attitude in defining a virus? Future studies in the ficld of the 
ffterabie viruses or protobiology may lead to starüirg dis- 
27 coveries; and the nature of these minute structures, when it із 
definitely known, may alter some of our most fundamental 

; theories of lif and evolution. Suffice it to sap that in tfe light 
of Out present*knowledge w believe the statement is justified 

iot at least one type of virus, and perhaps ali types, may be 
defined as a living particulate agent capable of inducing disease. 
f a this sense we may recognize living particulate agepts Whjch 


. ? 4 


2те both pathogenic “and nonpathogen and include im this, + 
e . - 


‚ ‚ 
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definition bacteria, protozoans, and the fillerable viruses. In 
addition to this group we are further willing to admit the pos- 
sibility of the existence of a group of unorganized agents which 
may or may not cause disease, In this group we should ріцсе 
poisons both chemical and animal, toxins, enzymes, ete, and 
Eny other hypothetical discase-producing substante or substances 
which do not form part of our knowledge. 

The term "virus" is an old one originally derived from the 
Latin word meaning poison. , Time has modified our under- 
standing of the original translation of this word. Several 
"virus terms" have been in common usage since the alter half 
of the nineteenth century, such 
ized virus,” “humanized virus,” “virus fi 
with all of which the student is familiar. 
are little used to-day. Other words have been compounded witt. 
the term virus; for example, "viruliferons" [L, virus (poison) 
and ferre (to саг) hence the definition, “conveying or producing 
а virus or infective germ"). Still another term more recently 
introcuce) into the literature is “virucidal” or “virucide” [virus 
(poi.n) and L, caedere (to kill) and is defined as “destructive 
to viruses." 


” and, “street vir 


TÜSTORY ‘ 


In 1659 and 1675 Kircher, a Jesuit, and van Leeuwenhoek, a 
Dutch linen draper, invented the simple microscope. These 
two men were undoubtedly the first to see living cells too small 
to be seen with the naked eye. From ull available records 
there remsins little doubt that these men actually saw bacteria. 
Whether thé imaginations of these two pioneers ever rested 
apon the pnssibility of living agents still smaller than those 
secn with the'r microscopes or the compound and ultrami- 
vroscopes which were to come later will always remain a matter 
of conjecture. We do know that following the invention of 
the microscope and the discovery of these minute living beings 
by Kircher and van Leeuwenhoek the march of events in the 
science, of bacteriology was very slow. It was not until 1762 
that Pi'ineiz wrots of the possible relation between bacteria apd 
disease, although the conception of contagion” hud been written 
of by Vitosonhers for hundreds of years prior to that даје, 
History recurds the fact that nearly two hunfired years elapsed 
between the discovery of bacteria by Kircher and van Leeuwen» 
2. hock and the discovery by Pollender, (8) ir} 1849, of Же anthraz 
>» „bacilus which тюз the fitit bacterium to bè definitely proved 
‚ the eticiogical agen, їй an infectious Hisease» 
, is d 


> њом) 


"virus animatum," “dehumah - 


Some of these terms’ 
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«It isa matter of record however that in 1804, forty-five years 
before Póllender*discovered the anthrax bacillus, ірке had sh- 
died the filterable virus disease of rabies in dógs and demon- 
stated the fnfectiousness of the sali а, although this disease was. 

* not transmitted to rabbits by artificial inoculation until the 
xpcriments of Galtier in 1879. Тһе method of immunizagion* 
perfected by Pasteur during the next few years is one of the 
landmarks ef media) history. “ 

Before bacteriology then was established as a science, investi- 
gators were concerned ‘with the study of at least one disease that 
ме now Vlassify with the filterablé virus diseases. While bac- 

+ {Sticlogy*ity general Наз widened its frontiers to almost wn- 
dream of limits in many directions, comparatively small pro- 

*`үтсрз has been made in the study of the filterable viruses, The 
sheginninis of the мрду of filtcrable viruses is usually given in 
texts at a later date than that mentioned above. The foundation 
„ of this study is usually dated from 1886 wien LocfMer ‘and 
* Pfeiffer(7) domonstrated in the lesions of smallpox minute bodies 
which they thought resembled Protozoa, Shortly aftet, ій 1892, 
lyasowski(9 when studying mosaic disease of tobaceo‘found 
that filtrates of his имена] remained active for several months. 

~ This work is usually considered the corner stone of the study of 
filterable*viruses. The work of Iwanowski was independently " 
confirmed in 1899 by Beijerinck,(9) who advanced the theory of 
the,possible existence of a "contagium vivum fluidum." During 
the preceding year Frosch and Locfller(8) demonstrated “the 
füterable nature of the virus of foot-and-mouth disease in cattle. 
Since that time the study of the filterable viruses Баз developed 
jn increasing importance and many discoveries have been made 
which will be described in the body of the text. Briefly some of 
the тёге important landmarks in the study of this group of 
viruses, since the work of Frosch and Loeffler in 1898 on fot- 
and-mouth disease, set down in chronological order аге, as fol- 
lows: In 1903 Negri (11) described the bodies, which now bear his 
name, in the central nervous system of animals dying from 
rabies; the same усаг Borrel(12) demonstrated minute granules, 
whieh stain with Leoffler’s stain, in sheep рох, the so-called sheep- 
рох bodies; in 1907 Prowazck(1) demonstrated the £o-called 
trachoma bodies ip the epithelial cells of the conjunctiva from 

& mases of this digease, and during that year published a review of 

rus diseases; Heymann, (13), in 1909, demonstrated 

n bodies” in a form of confanctivitisepresent at birth; 

known as conjunstivitis neonatorum; biner (14) during the 
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* same year differentiated this disease’ from gondblennorrhaa, , |, 
$ shpwing that there might be two diseases, one due to a filterable >. 
virus, the other.to the gonococeus; during 1908 Landsteiner and 
Popper($) succeeded in transferring poliomyelitis to two тор- 
‘ keys from spinal-cord emulsion from human cases which had > 
E djed of the disease, and demonstrated that the virus was filter- 
abié. This work was later confirmed by Flexher and Lewis. 15)" 
in 1911-12 Rous(17, 18) demonstrated the ĝlterable nature of 
а sarcoma of chickens, a monumental piece of grork which attract- 
ed attentiun again in the work of Gye and Barnard(19) in 1925. 
In 1913 there were several important contributions to the filter- 
able virus field. Flexner and Noguchi(20) succeeded ir? cultivat- 
ing the virus of poliomyelitis; Noguchi and Cohen (21) described > 
the cultivation of minute bodies described by Prowazck as occur- `- 

В ring ір trachoma; da Rocha Lima (22v demonstrated the Alterable , 
nature of the causative agent in verruga Peruviana, or Peruvian 
war's, thought to represent a later phase of the discase known 
as Oroya fever, - The interpretation of this work, however, may 
have ta bq modified in the light of more recent work by Nogu- 
chit2? in 1927, which appears to have established the true stig- 
logy of this disease. Finally, during the sam» year Lipschütz (23) 
published a complete survey of the entire subject of filterable 
viruses and presented a list of forty-one diseases affecting man 
and animals in which the filterable nature of the causative agent 
Was established with more or less certainty, In 1915 and 1917 
we find the work of Twort(25) and 4” Herelle (20) on the subject’ of * 

» bacteriophnge. This phenomenon will be considered in а sepa; > 


rate chaptet., Until 1918, yellow fever was thought to be due to- 
35 filterable virus, and temporarily at least this became doubtful Ы 
, When in that year Noguchi(?T) described Leptospira doteroides* Jo 
аҙ the calise of this disease. In view of the recent wórk of » 
Sellards(28) on this subject we are again in doubt regarding the 
etiology of yellow fever, and for the time being at least we havo 
included’ it in this review. In 1919 Strauss and Loewe(29) E 
claimed to have demonstrated amd cultivated a filterable virus f 
as the cause of epidemic encephalitis, This workwhowever, has 
s not recdived confitmation, Levaditj, Harvier, And Nicolaus 
»" have also described a filterable virus as the cause of this disease, , 
but researches of other investigators as well as our охуп (31, 22), 42% 
have, shown this virus to be closely identified with the virus of, > С 
herpes, ifsindecd it is got the same. Duging 1020, 1921, and, " , 
EZ Appeared the work of Olitskyuand Gates(s3) describing 
lacterium. „Preuntosintss аз the eausagive agent in epidemig in- nc 
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4 fluenza. More recent yéars have scen the development of the ‘ 
work on zickettsic, diverse studies on the various inclusion bodies 
in attempts to correlate the mass of work on Виз subject; and 
lastly the cultivation of the causative agent of trachoma, the 


“* | tfansmissibility in series of the experimental conjunctival di 
" ease, and the чесоусту of the microórganism from the exper! $ 
* mental lesions by Keguchi(s4) in 1927, : 
^ ” ULTRAFILTRATION А 

4 Filterable viruses, sawe have'sepn by definition, ark so desig- 

cg 


nated begause they arc small enough to pass through the pores of 
а, Berkefsld or Chamberland filter. The sole requisite, then, for 
„ өп infgetious agent to be so classified, is for it to pass through 
„ ome of these filters. Tt must be pointed out in the beginning that 
Я „filtration is only а matter of gradation. There is no sharp divid- . 
* — ing line, and it has been said that “like diffusibility, filtration $. « 
only a relative concept" There are several kinds of filters used 
+ in the study of filterable viruses, but none is free from objection. 
In the first piace the technical habits of the investigator in the 
use of these filters is of great importance when results are to 
be dhalyzed and evaluated. Pressure, whether suction or force 
pressure, time of filtration, the dilution of the material to be 
YMiltered, jts viscosity, the amount of solid matter present, the , 
reaction of the material, the possible variation in size of the virus 
at the time of filtration—ail are important factors which should 
le taken into consideration. Add to these factors the fact that 
» cach filter, whethe? made of porcelain, diatomacepus earth, 
m Collodion, asbestos, plaster of Paris, or апу other* substance, 
7, a differs from other filters made of the same materials even, 
* though it is only slight in degree—then the margin of safety is 
„ ` * even mush less, when the investigator attemps to intèrpret his 
results, . ыы 
и” . Aside from the mechanical objections already pointed out there 
a ате two factors that should be emphasized; namely, new filters 
у vary individually, and control filters are essential in the inter- 
pretation of results. If these two points were always kept іп 
So 0 Nd the results of filtration experiments would be exceedingly E 
+ more convincing, For example, the spirochetes that Wol- 
"bach(25) passed through a Berkefeld filter are not regarded аз * 
„ ЙйегаШе viruses because it is believed that due to their flexibility › 
. ~ This type of organism may be pulled or sucked through the for- < 
luous pores of the filter. „Wherry(38®has shown that fn ог, * 
ganiem that causes a form of pneumonia ain* guinea pigs and. 
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> whick measures 0.5 to ОЛ micron may pass through а Berkefeld 


filter; von Esmarch(37) has passed spirilla through a Chamber- * 
* . Лела filter, and Borrel(38) has succeeded in passing water flagel- 
lates through aftificial filters. It is possible, however, that cyl- 
tures of organisms such as have been mentioned above may 
contain forms, some of which are extremely minute in size, either. 
“ыға natural condition in the life cycle of theworganism or as an, 
abnormally dwarfed form existing as а respit of heredity or 
environment, Recent work on filterable кей of Baeillus tuber- 
culosis bygCalmette and Valtis,(29) Mejor? and Jost,G0) Fa- 
bry, (41) Potter, (42) and othet&, recent investigations оп filterable % 
forms of Bacillus pestis by Burnet, (43) on fillerable Yeasts by 
Lewis,(44) and the discovery by Noguchi(45) of a fliler-passinga * 
virus obtained from Dermacentor andersoni, all lend support to, 
this concept. Undorbtediy the gradations brought about by ghe 
filters now available аге not fine enough and reports of ülterable* 
* forms of dacteria which have never heretofore been. classified 
. wittfthe filterabiẹ viruses, give rise to many forms of speculation. , 
* Encouragement may be found, however, in the recent work of 
KrameM4O) on bacterial filters and of Zinsser and Fei-Fang 
Tange!) in their studies on ultrafiltration. Kramer has showp 
that by preparing а filler of calcium carbonate and magnesium 
oxide of positive electrical charge, bacteria, viruses, and colloidses 
"used in his tests may be withheld, though these agent’ readily 
. pass through filters made of siliceous material carrying а nega- 
^ « — five charge. Zinsser and Fei-Fang Tang have attempted gto 
arrive at the relative size of several different substances by filtra- 

* tion at a kiown Рн through graded filters prepared of coliodiore. 
The results of these experiments show an order of magnitude об" 
the various substances tested as follows: Crystallized egg olbu-, 

» men; crystallized serum albumin; trypsin ; collargol; ; bac- 

„, _ toriophage, Rous sacroma, and herpes virus; and lastly arsenic 
trigulphide. These results, 25 pointed ont by Zinsser and Fei 
Fang Tqng, do not agree with the work of Levaditi and Nico. 
З iau(f$) amd Levaditi, Nicolau, and Galloway(49) in that these 
investigators found that the virus of foot-and-mouth disease was 
Онега through membranes that held back trypsin. On the 
ы other hand the work of Zinsser and Fei-Fang Tong agrees fa- 
97  vorably with the measurements made by Olistky and Boëz{509 „ 
for the virus of foot-and-mounth disease, — , . 
Oureown obServations(5i) have been that wellgontrolled ex-e 2 
2 Deritaegts “with colledion- membrane filtration experiments аге” 
ss.) ery difficult. Бар exampks particles of bacteriophage are for 
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* the most part absorbed onto the membrane though it is possible « 
257 “tg recover the active principle by successive feedings of the fil- 
27 trate with the susceptible organism, thus showing that some df . 
“the bacterioghage passed the filter although a substance such as 
7% шіпойоып was withheld. ‹ 
‘The size of these minute viruses is important without doubt, ‹ 
-and at present thergis no way in which to arrive at their appru£- ^ 
imate size except s comparison with other known sub- 


stances. Far more\mportant, however, is their nature, their life ( 
cycle, the methods дец Шуа ти ет, and the studyt of their 
* functional activities, These are аһ problems for the future, 
sigce for frost of the filterable virufes none of these things are 
"kaiosn,, Rains, (52) in writing recently of research on viruses 
using plant diseases, calls attention to the work of Mines(60) 
whoshas shown that the addition of certain protective proteins dra 
* — fb colloidal gold may cause the latter to exhibit properties char- 
acteristic of proteins. In this respect Rawlins suggests that it 
„i5 possible that protective colloids and other factfrs in the com- ' 
ee "plex plant extract may so modify the properties of a virus as to т, 
give an erroncous impression of its real nature, Узе and . 
Foi-Fung Tang clearly recognize this possibility in their схрен- 
+ ments, Rawlins in his view of the field of virus diseases of 
fants suggests several lines of study; such as, selective absorp- , 
tion, treatment with microdganisms, precipitation, cataphoresis, 
centrifugation, sedimentation, and dialysis such as have been em- 
d by Sherman, Caldwell, and Адат (2) in their attempt a 
late enzymes, Some of these methods have already béen 
usd in the study of filterable viruses causing humedi discases 
, though the possibilities have by no means been exhtusted. In- 
47 activation of viruses by means of colloids of known composition.” 
* * and reagfwation by methods similar to that used by dohnson- 
Dlohm(35) in reactivating rennet is also suggested by Rawlins > se. 
In the end we inevitably return to our conception of filtration 
which 4s practically our sole criterion in the classification of 
those agents. Contrary to general thought Bronfenbrenner and ‘ 
Muckenfuss(s6) have recently shown that filters becomg more 
pgranenble the'longer they are employed in a „given operation. 
ту бар a strain of bacteriophage and its susceptible organism at 
avêr long periods of time these authors demonstrated that while “ 
in the beginning the active principle passed the filtey tn а certain 
cencentration, free from bacteria, after prolonged БИтацон йе E 
sheceptible Microbe i&elf passgd the barrier. More rownfly — , 
there, have been scferal attémpts to Employ gnémal membranes ё 
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in vivo in filtration experiments. In our laboratory we have, ., + 
attempted filtration experiments with a strait of bacteriophage » Р à 
through the narmal barriers of the central nervous system. (52) 
The bacteriophage was injected into rabbits intraypinously ind 
recovered from the blood stream of the animal at a later period. « 
, Bacteriophage introduced into the animal intravenously could not — , 
‘be demonstrated in the spinal fluid, Le Fée de Arric(68) has $ 
shown that certain dyes (such as, methyler blue, trypan blue, м —. 
and neutral red) and certain drugs (sucks, potassium iodide à 
and urotfopin) exert a favqrable influetife upon the fixation by , 
the central nervous systemgt certain neurotropic vianses, such 
as the virus of herpes and of rabies, presumably actinf upon the, 
vascular endothelium of the meninges. Grasse((59) injected gi. ^ у 
vid rabbits and guinea pigs with а filtrate of colon bacillus bac*e 
teriophage and demonstrated the presence of the bacteriophage > 
in the maternal blood though it was abserl in the fetal blood. 
Evidently bacteriophage does not traverse the placenta and dif- 
fers from antitoxin in this respect though toxins and anatoxins* , | 
аге also jvithheid. 


THÊORMES CONCERNING THE NATURE OF FILTERABLE VIRUSES 


Y 


When considering the theories concerning the nature of the, - 
‚ filterable viruses one of the first questions that arises is whether” 
these agents are animate or inanimate, or whether some of them 
are living substance and others nonliving. At present it is im- 
possible to make any statement concerning this question that 
will apply, to the entire group of viruses, * Doubtless there arc 
few who would question the living nature of the virus of rabies, 
„of poliomyelitis, of herpes, of hog cholera, pf rinderpest, of + 
“smallpox, and a host of others, but there are many yho havê 
questiondl, for example, the living nature of the bactriephage. 
Life (L. vita) is loosely defined as an aggregate of vital 
phenomena; a certain peculiar stimulated condition of organized 
matter? that obscure principle whereby organized beings are 
peculiarly endowed with certain powers and functions not as- 
socíateg with inorganic matter. One of these functions, and 
perhaps the most fundamental of all, is reproduction, Kay? if 
there were no reproduction life would cease to exist after,a 
time. Closely following in importance the power of reproductior? 


„ Stil epother function of 
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living beingseis respiration. Even bacteria respire, and*their + 
respiration ean be measured quantitatively by the methods de- 
scribed by Novy, Ећост, and Soule, (60) by Brogfenbrenner, 01) 
and by McKinley and Coulter.(52) These are all fundamental 
cénsiderations, and while there are many others, such as the 
assimilation ofgfood, the power of locomotion, sensitiveness to ex, 
sternal agents—these are the most important, There can bt no 
question that тоф of the filterable viruses possess the power 
of multiplitation, {nd no further comment is necessary іп this 
regard. Upon Арни has*hinged our conception of the 
bacteriophage for the past ten years, There are still many 
who wilfjadmit that increase in number of bacteriophage parti- 
teks fakes" place under certain conditions but who do not 
erecognize its Itving nature.(63) Both bacteriophage and herpes 
«Уйюз are susceptible to the destructive action of ultra-violet 
rays, yet this criterion is not sufficient to determine the living 
nature of*these agents since enzymes are also destroyed by, this 
« form of energy. (61) с z 
Filterable viruses possess the ability to adapt themselves to 
their environment, otherwise they would cease to exist. „То be 
sard, like all living, things, they are frequently modified in the 
process of undergoing adaptation; for example, the modification 
* of rabies street virus when passed through rabbits. That the, 
filterable viruses assimilate various clements for the purpose of 
surviving and reproducing their kind is indicated in the few 
suecessful experiments on cultivation in artificial media; for ex- 
ample, the virus of poliomyelitis. Furthermore, it is wel) known 
бөлі: this group of agents js susceptible to exterxal changes 
"brought about by chemicals and changes in temperature, although 
sin genera) they appear to be more resistant than ordinary bac: 
teria ip ‘this regard, E 
The state of being of the filterable viruses mects fully gir 
definition of life. They are beyond peradventure endowed with 
tertath powers and functions not associated with inorganic mat- 
ter. With the power of reproduction or multiplication, the 
function of adaptation, susceptibility to physical and ghemical 
agents, abilit} to assimilate food in artificial ешішге media, can 


théré be doubt that they are living beings? To be sure it has + ¢ 


Hot been demonstrated that filterable viruses respire, though this 
‘may be due to the lack of a suitable method fing Ónough in its 


5, aechnic to permit demonstration of what may be an, extfdpely 


* small intefchange of oxygen and carb dioxide. “ B 
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Itvwas first suggested by Beijerinck() іп hisestudy of the > 
mosaic disease of tabacco that a possible "contagium fluidum 
vijum” might exist. Simon(3) has suggested another term in 
his "contagium? inanimatum." These two concepts, are diame- 
trically opposed to cach other as regards the living nature ЂЕ 
the "contagium," but both suggest in their meaning that the 
"Wnvrable virus may exist in a chemical farm: There із По, 
direct evidence to support this concept, J^ the theory is 


of great interest. . 
A сопефрі that is quite wise spread 4% that the filterable 
viruses exist as filterable or iltramicroscopic forms of bacteria 
and perhaps in some cases as*protozoans, The physicis regards 
them as particulate beings that have up to the pleseg[ beem * 
undemonstrable because of the lack of suitable optical instru-e 


" ments with which to see or photogrgph them. The particulate, * 


nature of a few viruses has been demonstrated, especially thosc* 
that, have undergone artificial cultivation: Тһе susceptibility 
of herpes virusgto ultra-violet light is aiso suggestive of this, 
while in the case of the bacteriophage actual partition has een 
' accomBlisfied by d'Herelie,(26) by Bronfenbrenner and Kot, (63) 
and їй our own experiments.(03) It has beep suggested by many 
investigators that the filterable viruses are more resistant to 
„external agents than bacteria because of absorption of the filters 
able agent upon protein aggregates or viec versa, thus intro- 
ducing the concept of protective colloids 
Opinion is divided regarding the significance of the so-calicd 


cell inclusion bodies, such as, trachoma bodifs, sheep-pox bodies, ® 


the inclusións of herpes, Negri bodies of rabies, vaceine bodies 
intranuclear inclusions in visceral discase described by von 
Таһа and Pappenkeimer, (65) the cellular inclusions in the sali-e 
vary glands of guinea pigs, Kurloff bodies in guinea Мех, and 
~o others, ТЕ is quite evident that these bodies for the most part 
аге aniformly present and associated with the respective virus 
discase.» Prowazck іп 1907 suggested the name "ehlamydozoa' 
for this group of "cell inclusion bodies,” a term derived from the 
Greek meaning “cloak” and “animal” and defined as a protozoan 
consisting of а сей surrounded by material seczeted by the ж, 
vaded cell. Reference has already been made to the Небу 
that Negri bodies are in reality protozoan in nature. Lipschütz» 
has suggested, the term “strongyloplasma” for this group of 
bodjés, а ferm also derived from the Gregk, meaning "round'€ 2 


» and “to mold,” hence thedefinition “to mold round,” ‘Dae school* 


f thought considers, thèse Bodies as Fopresenting the virus pro- 
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per, either singly or in groups, white another believes them to be © 


simply the reaction products of the cell massed togethér and 
capable of taking stains by which they are demonstrated. The 
inclusion bodies will be considered in detail in г chapter devoted 
tû this subject, 
CLASS:FICATION OP FILTERABLE VIRUS DISEASES 
“ The filterable vfrus diseases represent one of the most бт: 
groups of disease. to classify. This is partly due to the fact 
that new developnivats in their study necessitate frequent modi- 
fication, but chiefly because of our lack of exaa’, knowledge 
concernfag many of them. Thef cannot be classified according 
< do the ph thologic changes they produce because in many instances 
, the p&lhology is unknown; for example, in dengue fever, They 
e cannot be classified according to bacieriologic or protozoan cri- 
чета for too little is known of their nature. "They cannot be 
grouped according to transmission because the method of trans- 
mission in many instances is doubtful or unknown, They cannot. 
5. be classified from the cytological point of view for, as Cowdry (67) 
has stated, “The inclusions themselves, occurring as they do not 
only in man and many vertebrates, but also in ecrtain insects 
“ and plants, are characterized by great diversity. For ihia rea- 
«о, Son generalizations are difficult to make, and are often stultified 


by the numbcr of qualifications and exceptions which must be“ 


noted.” Further, Rivers(5) in an abstract of his review on 

füterable viruses states: "In regard to the filterable viruses, it 

“сап be said that they exhibit, when compared one with another, 
$ diversity of characteristics equal to, if not greatej than, that 

"exhibited by ordinary bacteria and other known forms of life.” 
Та 1912, Wolbach(¢8) published a chart of the diseases presum- 


‘ably caused by fillerable viruses. In this tabulatjon hg attempted « 


to set'down the transmission as well as the occurrence of the 
е, but in many instances the transmission was not kntwn 


fo be«cither direct or indirect. While Rivera(5) does pot offer ‘< 


his table of fillerable virnses as а classification, he has attempted 
to correlate the known facts in the grouping of filterable viruses 
diseases, and his table is exceedingly interesting. — ^ 

` Probably thé most geneal classification ‘of this group of 
„ diseases can best be made upon the basis of host susceptibility. 
This factor is quite generally known, and in grouping the dis- 
gases according to their occurrence the finer known characteris- 
dies of the viruses thay be taken into account and Ápon these 


points the place of each particular éjsease ín the grouping may қ » 
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“Taste 2.—Wolbael's chart of fillerable virus diseases (1918). 
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CHAPTER ЇЇ a 


"FILTERABLE VIRUS DISEASES ОҒ MAN AND ANIMALS 
VARIOLA: SMALLPOX E 
TOCKENKRAXKHEIT (GERMAN); VantoLE (FRENCH); VAJUOLO (ITALIAN) 


Definition—Vaughan(1) jefes smallpox as “ап деме, spe- 
cific, infectious disease of unknown origin, characterized by , 
sudden onset; usually with severe chill, accompunjed by*tapidly 
rising temperature and followed by р more or 1055 general егур-„ 
tion which passes through papular, vesicular, and pustulaı 
stages, frequently leaving more or less permanent sears.” To 
this concise and,clear-cut definition may be added that there arc 
four clinical types; namely, discrete, confluent, hemorrhagic, and + 
modifed; and that the greater the eruption the more severe is 
the disease, 2 

History.—There seems to be little doubt that this disease orit- 
inated in the Orient. In ancient times the people of India 

' knew the value of performing inoculation for ther disease. 
Vaughan states that in one of the ancient Indian medical books 
there ure special prayers which were repeated by the Brahman 
priests while performing the operation об inoculation for ihis 
disease. Sccording to this author the practice of inoculation 
was introduced into China from India daring the third century 
before Christ. Arabian physicians described the disease in 
the ninth and tenth centuries, and it is said to have existed in 
Egypt about 1280 В. С. Тһе spread of smallpox over the world 
was extremely slow. Presumably it spread from India to China, 
then through western Asia into Turkey and Europe since it 
was known in England in the sixteenth century; and from Eu- 
rope it spread to America. 

Distribution —As in olden times, smallpox is still widely dis- 
tributed over the face of the entire earth wherever the huroan 
species exists. It has been estimated that sixty million people 
died of this disease in the eighteenth century.(2) It is stil] 
а serious affliction of the human race everywhere and at times 
assumes épidemic proportions causing untold suffering and loss 

of life. % ` 
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. is Incubation period.—The period of incubation in smallpox va- « 
+". М ries from nine to fifteen days and on the average is twelve 
‹ days. Fourteen'days is usually given as the time which elapses 


between exposure and the appearance of the ercption although 
the prodromal symptoms appear earlier. 

Symptoms. The prodromal symptoms, which are the first 
éndication of the isease, are characterized by a rise in temper 
ature which may" be followed by a severe or light chill, nausea 

.* and vomiting, headache and backache, and a slight measleslike 
or scavlatiniform rash may appear. Usually the chgracteristic 
t. < rash deytlops on the third day fqlowing the chill and rise in 
temperature, The papules as thay begin to appear present а 
“shotty” {gol amd usually are diserete but may be confluent. 
B ‘Three days Inter the stage of vesiculation appears and the le 
^ sions contain clear serum. The smallpox vesicle exhibits a 
characteristic central depression or umbilication and gradually 
becomes «turbid and passes into the suppurative or pustular 
. . Stage. This usually occurs on the sixth day. -The lesions may 
++ remain discrete or become confluent. Schamberg(3) has de- , 
scribed one patient upon whom 26,791 pustules were counted 
qnd estimated the total amount of pus carried by the patient to 
be about 5 quarts On another case he estimated that there 
were 40,000 pustules, 
Daring recovery the pustules dry and the lesions pass through‘ 
the stages of desiccation, crusting, and decrustation. Scars ul- 
3 timately take their place and remain as a reminder of this 
222. dread disease. — * 
* Animals susceptible to the pox virus.—The question of the 


” interrelationship between all the forms of pox asıthey occur іп 
“| man, animals, fowls, and fishes is а mooted one. Some authors | 
‘gat take tha view that рох per se is a disease entity amd that its , 
appearance in different species is modified by two factors; 
“e namely, the response to pox virus varies with the species and ^ 
foa the virus itself is modified by the species. Certainly the etio- 


logical relation of humam and animal pox is not sufficiently es- 
tablished to yarrant general statements in the matter. From 
an anatomical, point of view the etiological identity of the 
erent forms of pox istindicatcd. The disease appears in 

„ ‘man and in sheep as a general infection, but the lesions are 
ps «distinctly localized to certain parts of the body in cattle and 
goats. Furthormore, the disease in man and sheep frequently 


++ 1 “becomes epidemic id form, while the disease is limited in other 
“ a Ы 5. n 
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animals. That there is a very close relationship beoween human 
рок and cowpox is beyond question. However, only local le- 
sions are produced in man when inoculated with cowpox, and 
only in a few experimental cases have lesions developed in cattle 
as a result of inoculation with human pox. The close relation 
between these two forms of pox is proven, howevor, by the fact 
that cowpox virus produces a high immunity, against smallpox 
in шап. The gencral view may be taken that all forms of pox 
are identical; and such a concept enables one better to under- 
stand the disease in its broadest sense, but experimental data 
are lacking for this viewpoint at the present time. It іа difficult, 
for example, to explain why pox in sheep spreads naturally to 
other sheep but does not pass to the closely related goais; пог. 
is it dangerous for man. If such a general view’ із to Ве со 
sidered we must assume that the Wirus of pox is modified in / 
the different species and in that way account for its paradoxical 
manifestations. If such a view is acceptable then one may state 
that pox virus is pathogenic for many different species; sch 
аз, man, sheep, cows, goats, horses, swine, fowls, and certain 
fishes (шер). We must further assume that, due to а variety 

of unknown conditions, aberrant forms of the disease do обсиз, 
and that these atypical conditions fall in the some category as 
true pox infections, but in a modified form. 

For the present we are unable to accept this view notwith- 
standing its convenience, for there are too many contradictory 
facts existing, Suffice it to say that a form of pox is presont 
in many different forms of anima) life and within certain limits > 
only do ме understand the interrelation between them. Ве’ 
yond this no'general statements are permissible in the light of 
present knowledge, and broader interpretations must await fu- 
ture inveStigaticn. zh 

The pox virus.—lt is definitely known that the vesicular con- 
tents of pox lesions contain a viros that is filterable under high 
pressure’ through the less-dense porcelain filters, and for this 
reason the pox virus is classified with the group of filterable 
microórganisms. » 

In thé epithelial, cells of affected parts of the skin, and ie- 
tween the cells, there have been dethonstrated by Prowazek, (4), 
Rorrel,(5) Casagrandi,(6) Paschen,(7) Velpino,(8) and others, > 
extremely smail bodies that are from 0.2 to Q5 micron in size’, 
Grant negative, and stain with Lofler’s flagella stain and with, | 
Giemsi’s. Borrel described bodies in sheep pox in 1903 which 
Lave since been designatéd sheep-poz bodies, Prowazek has 
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« designated thé small bodies found in pox lesions in man andin ' 


« vaccinia a» Chlamydozoa, but they are also referred to as Pro- 
wazek's elementary bodies. Later these bodies become larget 
and are thought to represent a later stage in tht development 

«of the virus, These larger forms are frequently spoken of as 
Prowazek’s initial bodies. Lipschütz has designated them as 
Strongyloplasma weriole-vaccine. The i 
known as Guarnieri hodies, named after an investigator who 
thoroughly studied them,(9) although they were first studied by 
Weigert in 1874 and later by Pfeiffer in 1886. The Guarnieri 
bodies (Cyftorrhyctes vaccine, vaccine bodies) are spherical or 
-haif-moon Shaped bodies consisting $f chromatin or plastin sub- 
yance.-*They are usually found lying close to the nucleus of 
the cell and rartly in the cytoplasm. In fresh preparations there 
pears to be an ameboid' movement. The exact nature of 
these bodies is unknown though it has become somewhat a gen- 
eral belief ‘that they represent the reaction products of the celi 
< plasma to the penetrating virus. According to this concept it 
is reasoned that the minute infectious agent, Prowazek's ele- 
mentary body, enters the cell substance and there релиз in- 
closed by а plastin substance which is produced by the plasma 
of the cell as а protective reaction against the assault of the 


invader. .Further the vaccine hody again breaks down, the ini- < 


tial body passes into the plasma of the сей, there disseminates 
and separates into elementary bodies. These elementary bodies 
may then, as Prowazek has argued, reach the outside world 
* after the epithelial cell is destroyed and be capable‘of again 
infecting a susceptible host. i 
According to зоте authors vaccine bodies represent only mi- 
grated or changed leucocytes; still others believe that they are 
products of the medullary layer of the plasma of the cell or that 
they are fragments of the nucleus; while others attribute their“ 
origin to the centrosome or consider them as products of endo- 
genic сей rejuvenation, cellular inclusions of the second' order. 
Whatever their origin or their nature they are characteristic of 
the discase, Tke pox virus may be propagated through ipocula- 
ior,of the cornes of rabbits, and Guarnieri bedies may be de- 
monstrated in the lesions. According to Schultz(i9) these bodies 
fn inoculated rabbit's cornea are derived from the cytoplasm and 
arp formed in response to infection or poisoning ‘of the өрік. 
1 This author concludes (hat nothing suggests the presente of the 
virus of smallpox irr the Guarnieri body Gracjum and Oppen-« 


heimer (11) have deseribed the cultivation 


jal bodies are ako ‘ 


of wecinia "granules" 5,27 
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im vitro with embryonic tissues and state thai they remain , 
alive for as long as sevcnty-one days as tested by rabbit corneal ` 
inoculation, In 1916 Paul(19) demonstrated that following 
the scarifitatión of the rabbit's cornea with the pusfular contents 
of cowpox and the immersion of the enucleated eye after forty-, 
eight hours for a few minutes in sublimate alcohol, the lesions 
stand out prominently as white clevations on a dull milky-whie 
background. This procedure has since been known as the Paul 
test. Toomey and Gammel(29) recently have reported a series 
of eighty cases of smallpox in which they were able to get 45 
рег cent positives and contlude that the test, when" ‘present, is Ы 
pathognomonie of the diséhse. 

Bacteria are frequently associated with рох vivus. »Strepi 
cocci, staphylococci (aureus and citreus), and’other bacterià 1 
forms have been reported. x 

Immunity —It is well known, and was recognized by ancient 
peoples, ‘that one attack of smallpox confers an immunity to 
the disease. While artificial immunity may be produced by 
vaccination, the immunity so produced does not last indefinitely. 

Vetifuation against smattpor—in ancient times in Indi 
the practice of inoculation in smallpox was the custom. " Pur- 
ing those times the danger of transmitting syphilis and other 
diseases by such an operation was only partially recognized, 
though the records are doubtful on this point. As smallpox 
spread over the world from India by way of Asia, so did the 
custom of performing inoculation against the disease. This 
is of particular interest since this method of immunization + 
preceded the present method of vaccination and had a direct 
bearing upén its development, According to Vaughan, England 
was notvinformed of the practice of performing inoculation 
until 1713. Bady Montagu having learned the valè of inocu- 
lation in the prevention of smallpox in Constantinople had her 
own son immunized in this manner, and returning to England 
in 1718 she supported the work of several English physicians 
who were interested in the prevention of smallpox. Several 
convigeing experiments were performed upon convicts, and the 
Princess of Wries had six charity children inoculated. „The 
method became popular for a time but gradually became yn- 
Popular again following several severe accidents that resulted 
“from faulty:methods employed. From this time until 1840 iño- 
слабог» was practiced with more or les success in England ; 
and’ America, though J venner’s classical experiments on vaccina- 


tion with cowpos, virus were performed in 1796. > 
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« _ Jenner ҺійзеМ had been inoculated against smallpox when ' 
« he was а boy and had noticed that persons who had previously 
had cowpox were not susceptible to inoculation. His expert- 
mghts as reported included ten cases ail of whont had had cow 
« pox. The length of time that had elapsed between having cow- 
pox and being inoculated with smallpox varied from nine mouths 
tb thirty-eight yqars. None of the inoculations took. This 
paper was published in 1798. It was clearly recognized by Jen- 
ner that neither natural smallpox nor vaccination with cowpox 
virus was an absolute and permanent protection against the 
disease, hut while vaccination did not give permanent immunity 
„against smallpox he knew that vaccination might modify the 
ourge find feverity of second attacks. 

In America he results of Jenner's experiments were quickiy 

applica. A group of ninetéen boys were vaccinated with cow- 
pox in Boston in 1802, and about three months later twelve of 
the vacciriated boys were inoculated with smallpox. * None of 
them developed smallpox. Two unvaccinated controls developed 
the disease after being inoculated with the same virus, From 
this time vaccination became the scientific and populiinethod 
far preventing smallpox. 

Позелао(2) defines vaccination аз the introduction of vaccine 
virus ino the skin with the object of inducting cowpox (va 
cinia) in order to prevent smallpox (variola). А true “Таке 
is very characteristic and is known as а primary take. Modi- 
fied reactions may appear in persons previously vaccinated or 

* im those who have had the disease. И 

“Following about three days incubation a papule appears which 

develops in another three-day period into a vesicle. In the next 
three-day period the vesicle passes into the pustular ‘stage, and 
within ее days the pustule is fully developód. Desiccation * 
and decrustation follow, While this js the typical course irt 
vaccination there are deviations now and then. Associated with 
the skin manifestations there are frequently mild or, in some 
савез, very severe constitutional symptoms. Rise in tempera- 
ture, headaches backache, loss of appetite, nausea, and vomiting. 
may accompany the process, А 

Methods of vaccination.—Many methods have been employed 

vaccinating against smallpox. Chief among these methods 
дуе the puncture method, intradermal vaccinations scarification, 

f апд the incision method. Recently the pressure method bas 
been advocated by Thomas and Bullt2) ang seems to offer 
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several advantages over tife usual methods employed. , ES 
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Preparation of cowpor савете —1а the United States in 1902 > 
а law was passed regulating the manufacture of vaccine virus. = 
This law requires the licensing of manufacturers of vaccine 
virus, and though periodic government inspection a unifüpm 
product is assured to the public, The law also requires manu- » 
facturers to examine each lot of vaccine by bacteriologic methods 


* to determine the number and the kind of bacteria prescrit. 


Special tests which include animal inoculation qnd cultural 
methods are specifically required to determine if pathogenic 
organisms such as streptococci, tetanus organism, ee, are „ 
present. 

The virus of vaccinia is more concentrated in phe. epithelial. 
celis though it is also present in the vesicular coflent. Both 
the lymph and the pulp are employed in preparing vaccine, 
Bovine virus has been used since the time of Jenner becaus 
it is always obtainable and was later found Бу, Monckton 
Copemanti3) іп 1891 to be easily purified when preserved in 
glycerin. While the vaccine virus is very resistant to the action 
of glycerin, the nonspore-bearing bacteria are for the most part 
аетігоубі, 

Young calves aro usually used for propagation of the virüs, 
and in the East the carabao is employed. The animals to be 
used are first quarantined for а week or tcn days to determine 
the absence or presence of other infections. When it is known 
that the animals are free from infection, they are thoroughly 
cleaned, and the abdomen is shaved and aterilized with a wild 
germicidé, The secd virus is then rubbed into the superficial ” 
incisions that are made in the skin, The animals are then kept 
in screened isolation rooms, and about the fifth to the seventh 
day the,vesicles are removed. The animal is killed and autop- 
sied to rule out any infectious lesions other than vaccinia. The 
"virus may be dried and used when needed, or it may be 
glycerinated—the latter is to be preferred since the former can- 
not be purified. ‘The dried virus may remain viable for a long 
period, but in time the glycerinated virus loses its potency, and 
for that reason old preparations shouid not be efployed in yac- 
tination. Though many modifications are practiced in various 
laboratories in the preparation of vaccine virus, the fundamental 
considerations are the same in ail methods as here described. 
Full and detailed descriptions of the different methods employsd 
are (о bU found in the standard texts, 9 " 

Tt is possible that уге investigations &pon the cultivation 
' of vaccine virus ray result in the% "use of pure virus fot the 
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* « Purpose of vatcination, MacCallum and Oppenheimer(14) have 
“¢ already separated the "granules" from the rest of the vaccine by 
differential centrifugalization of the virus in a solution of gly* 
„ « сөгіп ond Lopke’s solution, Parker(!5) has prestnted evidence 
„of its cultivation in tissue culture, and the work of Cracium and 
d Opnenheimer ox cultivation has aiready been referred to. Aside 
“from the purely practical aspects of this work such research is ^ 

very important to the whole question of the nature of the filter- 

able viruses ‘and represents a marked advance in their study. 
а While it is well recognized that хтаЙрох is primarily*a disease 
t that Юса ез in the skin and manifests itself by producing 
Я lesions thele, it is thought that normal infection also takes place 
through*the Vespiratory tract. That the skin as an organ can 
pe infected directly is amply proved by inoculation aud vaccina- 
s "Kon. Though it is not common, a generalized vaccinia some- 
„times results from vaccination. This has been commented on 
+, by studenti of local immunity, and to their minds the process of 
vaccination consists in immunizing the skin which is the suscep- 
*' уђе organ of the body to this virus, Ledingham(16) has re- 
cently shown that the infiltration of an area of the skin wich ink 
1 ane subsequent vaccination suspends all response to the naked 
eye. He suggests that the local defense is increased by stimulat- 
ing the reticulo-endothelial cells to proliferate, Schöbl (27) in his 
most recent comprehensive study on yaws in the Philippines 
suggests an analogy in the mechanism of immunity in yaws and 
that in smallpox. The tendency of modern research on smallpox 
+ a is very promising of fruitful results іп as much as the effort js 
befng directed away from empiricism which has for, зо long do- 
с. minated the study of this disease. New facts concerning this 
disease may throw much light upon the nature of other filterable 

e * virus disedses. 


YARIOLOID 


Hn Varioloid is usually defined as a modified and mild férm of 
fs smallpox occurring in a patient who has had a previous attack 
of smallpox or has been vaccinated. 
Ыб Vyughan(1) draws attention to this condition, and fin his 
opinion the name is very unfortunate since it suggosts a disease 
. wescmbling smallpox but different from it. He further states 
that while varloloid is not of much danger to the patient, since 
t, ually runs 4 mild course, nevertheless it is smailpor and zs 
such is extremely dangerous to persons vith whom the patient 
A comes in contact. No longer do we accent tbe ictum that one ' 
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attack of smallpox or vaccination protects the patient for life, „ 
since it is well known that one may have smallpox more than „ 


бпсе and that vaccination protects the individual against small- 
pox for only a Variable period of time, The characteristic symp- 
toms and lesions are all present in varioloid, though as a rule „ 
there are fewer lesions and they do not penetrate as deeply as 
the lesions of true smallpox, М . 


PARAVACCINIA 


Paravascinia is an anomalous response to vaccination with calf 
lymph which hos been described as occurring in Vienna and other 
parts of Austria. It has Leen thought that some of the calf 
lymph produced at one of the vaccine laboratories in;Austrin 
has become contaminated with an aberrant form c? vaccine virus. 

As has already been mentioned ће Guarnieri bodies in pow? 
lesions have been described as occurring in the cytoplasm of the 
epitholial-cells. In paravaccinia Lipschütz(18) has described in- 
cluston bodies as occurring not only in the cytoplasm of the cell 
but also in the nucleus. While Guarnieri bodies have Ъсеп de- 
scribcz.es occurring in the nucleus, they are very rarely found 
in this location. 


ALASTRIM: AMAAS: KAFFI MILK РОХ 


Alastrim is regarded as an aberrant form of smallpox preva- 
lent in certain parts of Africa, the West Indies, and South 
America, and is characterized by its short period of incubation 
and ils low mortality, , 

Aberraat forms of smallpox are found in almost every epidemic 
and from е standpoint of the public health must be regarded 
with the same seriousness as true forms of the disease, Alastrim 
is no excêption to this rule. This disease із preventgd by vac- 
cination as is variola vera. It may be noted that inclusion 
bodies have been described for this form of smallpox by Cas- 
tellani-and Chambers. 
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9 VARIOLA VACCINIA ; COWPOX a 
Кенгоскеч (бевмах); Vaccinia (FRENCH) ; Vasula VACCINO (ITALIAN) У 


Definition.-Cowpox, or vaccinia, is an acute, febrile, infec- 
tious disease of cattle, characterized by a vesicular exanthofiia. 
This discase is closely related to smallpox in map since vaceina-" 
tion with it will protect man from smallpox, B 

History —The history of smallpox has already been considered. 
In as much as cowpox, in most cases, can be traced tà an infection 
from human beings affected with pox, the history of this disease 
and its virus сап be traced back to the earliest records in wi 
smallpox in man is described, We may consider cowpox then, as 
a disease that has been known to the world since gncient times. 

Distribution —The distribution of cowpox ruxs parallel with 
that of smallpox and undoubtedly, according to the most аш ег 
Че records, spread over the entire world from the original locus 
of smallpox in India. 

incubation period.—The usual incubation period im cowpox 
ranges from four to seven days but in some cases may be some- 
what dass than four days and slightly more than seven days. 

Symptoms.—After an incubation period of four to seven days 
the disease begins with prodromal symptoms which may be so 
mild that they remain unnoticed. These symptoms consist in 
a slight rise of 0.5 to 1° in temperature, weakness, diminished 
appetite, and irregular rumination. The udder becomes sen- 
sitive, and the milk is thinner, of a low specific gravity, and 


coagulates more quickly. Оп the second'to the third day pea- , 


sized hard nodules appear upon the udder and teats. W 
one or two'days these nodules develop into reddish or bluish, 
or yellowish-white vesicles, frequently with ‘a metallic luster. 
From tite eighth to the eleventh day the vesicles begim to become 
purulent and a well-defined depression in the center is noticed 
(“Фейе" navel). The pustules gradually dry up, and spabs are 
formed which later drop off leaving pitted depressions in the 
scarred tissue. There are rarely many vesicles, exceptionally 
more than twenty and frequently only a very few which may 
not develop simultaneously but appear at intervals representing 
different stages oF the disease. Owing to mechanical conditions 
in milling the vesicles may be broken and as a result ukera- 
tion may take place which requires a month or more (о heal, In 
süclr cases the milk becomes contaminated. In the male the , 
lesioas are to be found npon the serotum." Generalized eruption | 
may occur, but it is excsedingly rare, StrebelU) bas reported 


ich " 
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one case of generalized eruption in which lesions appeared on the 
udder, croup, rump, chest, and neck, and on the inner surface of 
the thigh, С 

<n тап a generalized eruption following vaccination with cow- 
póx virus is occasionally scen, the eruption being particularly 
disseminated oter the back. Such a generalized eruption is con- 
sidered not uncomrion in the Philippines, 

As in smallpox, aberrant forms of cowpox frequently appear 
and complicate the diagnosis of this discase. AL times these 
atypical forms resemble somewhdt the exanthema of ‘foot-and- 
mouth disease, but in this condition, the vesicles are larger and 
donot develop from nodules and are present in the mouth. Ac- 
cording Чо Буга and Магек(2) the benign, соба! vesicular 
exanthema is Peadily recognized by the simultaneous affection 
Gf the genital organs. 

If the vesicular contents are injected into the cornea of the 
rabbit, transparent proliferations may develop about the second 
day and Guarnieri bodies may be found in the fresh or stained 
preparations. ~ 

So-alled “wind and stone рох" has been described by German 
authors, and this form of pox may be an aberrant form of true 
cowpox, ‘The disease described by Ehrhardt (a) as false cowpox, 
pointed рих, may also fall in this classification. The "varicellen," 
water pox or wind pox, in which vesicles develop within only a 
few hours in children is probably not related to true pox in 
as yauch as no immunity against tree pox is produced, Ru- 
dojph,( in writing of the benign “white pox,” which {scours in 
tropical countries, states that the central depression, in the pus- 
tule of this disease is absent and that it produces an immunity 
against vaccine virus which lasts for about six months.“ Perhaps 
this condition may also fall into the category with'other aberrant 
forms of true cowpox and the virus in this case may be so 
modified that its antibody stimulating or antigenic qualities may 
be considerably reduced, That it produces immunity to cownox 
virus even for so short a period is sufficient evidence that it is 
closely related biologically. е 

Avimals suscejitible to the virus of cowpor.-«Vaccinia virus is 
capable of producing lesions in cattle (chiefly cows), in man, 
in the skin and cornea of rabbits, and in monkeys. According to 
Vaigt(5) it is qot possible to immunize cattle with sheepenox 
virus against cowpox und vice versa. Likewise cattle arq not 
susceptible to goat‘pox; bot horses, uffaloeg camels, hogs, 
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sheep, dogs, and fowls аге all mildly susceptible to cowpox 
virus, Guinea pigs have been used for experithental purposes in 
the study of vaccine virus and are susceptible, 5 

The virus of cowpoz.—Negri6) demonstrated № 1905 tint 

vaccine virus is filterable through coarse porcelain filters, Con- 

© siderable pressure is needed with these filters lo demonstrate 
the filterability of this virus. It is not filtdrable through fine 
filters even when considerable pressure is employed. Negri fil- 
tered calf lymph through Berkefeld filters under three atmos- 
pheres and was able to produce with the filtrate a trae vaccinia 
keratitis on the cornca of repbits and lesions upon tha'udders of 
cows, It is known that a filtrate prepared from lymph Wat 
has stood for some time is much more infective shin a filterate 
from fresh lymph, and according t» Carini(7) this is explained 
upon the basis that the virus is contained for the most part within 
the cell, apd after the lymph has stood awhile tho cells disinteg- 
rate and liberate the virus, Nicolle and Adil-Bey (8) have shown 
that the infectivity of lymph may be increased by digestion With 
pancreatjn. The morphology of the Guarnieri bodies has al- 
ready been considered in the discussion of smallpox in man and 
cultivation experiments with vaccine virus by Parker, Parker 
and Nye, and Cracium and Oppenheimer were described. ‘These 

' authors apparently succeeded in cultivating this virus ohly when 
associated with living cells. In 1906 Proscher(9) reported the 
cultivation of pox virus upon artificial solid media. According 
to this author's report smeary deposits develop on solid média 
that do not contain microscopically visible microdganisms but 
which prodsee pox pustules in calves up to the third and the 
fourth passage. It is doubtful if these experiments actually 
represent Cultivation, Up to the present time the best method of 

_ Propagating the vaccine virus consists in infecting a susceptible 
‘animal, 

Vaccine virus kept at a low temperature and protectéd from 
light and air remains virulent for months; room temperature 
rapidly attenuates it. It is destroyed in five minutes at a tem- 
perature of 58% C. The virus is very resistant to the action 
of glycerin but ій time is attenuated by this reagent. Vanfous 
disinfectants will, of course, destroy it. 
> Immunity in vaccinia —While vaccination of lower animals 
against pox is possible it is rarely employed accarding to Kelsar. 
‘The shicl use of vaccing virus is to protect man from эта рол. 


2, This subject hos been fully discussed under smallpox. Fré- 


ger(10) vaccinated p hard of cows with calf lymph used for man 
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and produced typical pox pustules. ‘These animals did not de- 
+ velop cowpox tholigh they were part of an infected herd. 


i Control measures to prevent cowpox.—Controk measures con- 
. j 5 іп isolatton of infected animals, careful milking to prevent 
. complications qnd greater contamination of the milk, and vac- 
cination of healthy animals although the last із Jittle practiced. 
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“ VARIOLA OVINA; SHEEP POX 


* Зслввот, SCHAFPOCKEN (German); CLavenée, Рісотты (FRENCH) 
Ы VASEOLA PECORINO (таман) 
Definition. — Sheep pox is an acute, febrile, infectious disease 
“ of sheep characterized Бу а papulo-vesiculo-pustular eruption 
with catarrhal symptoms involving the mucous membranes of 
the eyes and the respiratory passages. : 

A History—As smalipox іп man, sheep рох was probably in- 
7 troduced from Asia and was probably known long before the 
їл у first studips on the disease were made by Joubert and Rabelais 
toward the end of the sixteenth century. The infectiousness of, 
ы sheep pox is said to have been established in 1763 by Bour- 


7: gelat.aS In 1868 Chauscan(2) published important investiga- 
Е tions upon the etiology and pathogenesis of this disease, while 

*  Borrei(3) in 1903 first described the so-called “sheep pox bodies.” 

«s Distribution bf, sheep poz.— The chief distribution of sheep pox 


e is hf France and in the southern and eastern European countries. 
The disease is widely spread in Asia and in Africa but is noted 
in that part of the world for its benign course and із often un- 

, néticed. Hower ‘er, is reported that in 1909, in Germ: ап Seuth- 
+ $ Mest Africa, where the disease was jmported with Karakul 
sheep, in one district twenty-five thousand sheep died, In 1829', 


я the, loss of sheep т Austria atone was éstirjated at ат mn- 
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dred thousand animals. In 1910 in that country only а few 
sporadic cases were reported. Germany has Бесп said to be 
{ree of the disgaze since 1009. There is no record of the discase 
ever having occurred in America or in Australia. ЖА 

Incubation period in sheep рох.—Тһе incubation period іп 
sheep pox is usually from six to eight days and in зоте cases may 
be somewhat longer. In winter the time of incubation is usualy 
slightly longer than in warm weather, 

Symptoms.—tThe prodromal signs of the disease consist of a 
rise in temperature to from 41 to 42? C. which may, be accom- 
panied by chills. Along wijh the febrile conditions there is an 
acceleration of the pulse and respiration, loss of appetite, and 
catarrhal symptoms referred to the mucous raembranós of the 
eyes and the respiratory tract. The eyes are half closed and 
а mucous discharge exudes. From the nose there is also a muco- 
purulent discharge. The tongue is coated, and the mucous mem- 
branes of the mouth and throat are inflamed. 

After one or two days have clapsed there appear upor the 
skin near the еуез, on the cheeks, nose, and lips, on the vulva 
or prepuce, udder or scrotum, and on the tail and thighs round 
red areas which may be surrounded by ,а serous infiltration. 
Within twenty-four hours nodules appear in the center of these 
spots, and soon vesicles appear which contain a yellowish serous 
fluid. А depression develops in the center of each vesicle and 
there is a distinct zone of hyperamia surrounding them, This 
development usually requires five or six cays, Оп the sixth. or 
seventh бау these vesicles gradually change into pustules and the 
hyperamia surrounding the lesion becomes more intense. Desie- 
cation begins and crusts are formed that later drop off leaving a 
red scar that later turns white and is somewhat pitted. 

With the eruption there is usually continued fever, which rises 
to its height during the development of the pustules. There 
is a constant profuse discharge from the eyes and nose, and 
foamy saliva hangs in strings from the corners of the mould. 
During healing there is falling out of the wool and severe 
itching. 3 

Lesions similat to those described for the skin usually develop 
upon the mucous membranes of the mouth and may even involve 
the pharynx, 

Atypical forms of sheep pox oceur in which there are no sin 
lésions at all and the animal exhibits only the catarrhal condition 

„ described above, In other forms, such as ‘the so-called "stone 
pox” which occurs in Algeria, the skin lesigns do not progress 
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+ * beyond the pápule stage. Such a form of the disease аррезтед 
. * in Germany in 1905 and was described by Joest(4) and others. 
. Such nodules often became ulcerated and even gangrenous. № 
+ * "sqme cases there developed keratitis followed by panophthalmitis, 
» and blindness resulted. The constitutional symptoms remained 
. Severe as in the*typicai disease. It is thought that thesc abortive , 
+ forms result from d high immunity that the animal has developed 
„e for the disegse. The mortality in the German epidemic іп 1905 
. is estimated to have been from 25 to 50 per cent of all animals 
« affected. Jn some cascs extensivt hemorrhages appeir during 
the eruption, and as in smallpox this sign is regarded with great 
. seriousness. , 
Compficatitgs frequently result in whieh the animal develops 
4 catarrhal pneumonia, or tie infection may involve the bones, 
* Particularly the nasal septum, and necrosis sets in. Other com- 
~ plications, such as suppurative lymphadenitis, metastatic abscess. 
t in internal organs, pleurisy, and necrosis of the tendons, have 
beert noted. 
Animals susceptible to the virus of sheen pox.—Sheep pox 
. usually spreads only among sheep. It is not infectious ior man 
. not does it pass from ghecp to goats. Transmission of shecp рох 
to goats is possible but exceedingly difficult according to No- 
card.(5) *It is not possible to immunize cattle against cowpox 
with sheep-pox virus. Sheep pox may then be regarded as аһ 
. independent disease, although Gins and Rickert(6) consider all 
forths of pox as origixating from human pox since they claimed 
г * to,have changed human pox, swine pox, goat рох, and фһеер pox 
into cowpox by passage through rabbits. Б 
^* — The virus of cheep por—The virus of sheep pox passes 
through Chamberland filters according to Borrel.(3)* Definite 


*, formed elements have not been весп in the unfiltered lymph, 

+. thovgh Borrel, Bosc, (7) and Paschen have described bodies simi- 
2025 {ar to Guarnieri bodies in the cells of the purulent vesicular 
* | * contents and in the epithelium of the skin. According to Bosc 

* the virus may bo present іп the blood stream just before or at 


the.beginning df the pox eruption. ‘The virus is present,in the 

scabs and after drying and becoming pulverize may be dissemi- 

nated to healthy animals. In this way it is believed that the 

* virus enters through the respiratory tract and penetrates the 

д alteoti of the lungs to the blood stream by which it is distributed 

2 tg the skim. Intravenous injections of lymph containing 

may result only in a ‘febrile reaction without cutaneous eruption. 

E Animais injected intracerebrally develop. өзегін reaction six 
ж A. Loy ^ 
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to sight days later and usually die within a week. Intracuta- , |» 
neous, subcutaneous, and intratracheal injections of shecp-pox , 
virus in sheep are followed by the typical disease. x 
The virus dt sheep рох in hermetically sealed tubes ереп » 
а соо] dark place will retain its virulence for two years or more. , 
Stored at 35° С. it remains virulent for months» The virusin , > 
the fleece of sheep affected with the disease dies in at least tro 
months. Presumably the virus is able to pass through the pla- 
centa, since affected ewes may transmit the «ікейзе to their 
offspring, the young being bom with pox eruptions. | The virus 
of sheep pox has not been cultivated, , 
Immunity in sheep рох,!-Опе attack of sheep pbx usually 
protects animals against this disease for the remajnder*of their . 
lives. It is well known that young lambs аге п/бге susceptible 
than older sheep and usually become infected if the disease i£ А 
prevalent in the herd. For this reason if the disease is prevalent Р 
at all it iy preferable to induce an infection artificially than ran “, ¢ 
the risk of natural infection which experience has shown із far 
more serious. Vagcination then becomes an emergency measure 
rather"dhan a protective or preventive procedure. The method > 
used to produce artificial infection employs the original virus and "on 
not an attenuated form, and practically amounts to inoculation 
such as was practiced in smallpox in olden times. ‘he great 
danger of this method is the risk of spreading the disease among 
other healthy sheep that are not immune, This is particularly . 
true since vaccination is carried on only in certain localities. — - S 
Such imnyunization results in а lasting immunity, and the disease > + 7 
usually rans a very mild course. Freshly collected рох lymbh 
may be stored in capillary tubes at low temperatures for consid- , ,' 
erable periods without losing its virulence, Bose states that 
the virus of sheep pox remains alive and unattenuattd for two 00” 
~ years in the intestinal canal of leeches that have sucked lymph 
from тіре pox pustules, , $^ 
Borrel has suggested a simultaneous method of immunization > 
for producing lasting immunity. This method consists of one E 
injection of 5 to 15 cubic centimeters of Borrei's immune scrum, 
and at the same time elsewhere on the body 0.5 cubic centiméter 
of virulent lymph is given. This'method of immunization has 
heen used extensively with very excellent results. 
Bridré and Boquet(8) have suggested a mathod of vaccinati р 
that employs sensitized pox lymph. Тһе pox lymph is saturated > 
with immune serum known to contain antibodies, and the high d 


~. 
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. degree of immunity that results in sheep when treated vith 
this vaccine is produced without producing pox lesions in the 
animal. ` 
„ +, Complement-fixing bodies appear in the serum of sheep 
| ‚ дева the cburse of the discase and when used with an antigen 
` prepared by extracting the pure pox scabs, complement is fixed, 
The serums of vageinated animals also fix complement. 
Pathological changes in sheep pox.—Animals dead of sheep 
pox show iit addition to the skin lesions, hemorrhagic inflamma- 
tion of the membranes of the respiratory and gastreintestinal 
+ . * tracts, The lungs may show small nodules that have a central 
k arca of cascation necrosis. Othertchanges noted are infarcts 
in the angs! acute interstitial nephritis, acute swelling of the 
б {утар gland, and parenchymatous and fatty degeneration of 
и "the organs. 
. Control of sheep poz.—The most useful control measures for 
. this disease are quarantine, reporting of outbreaks, ргорсг 
posgl of infected carcasses, and vaccination of healthy animals in 
** dnfectcd herds, 
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i VARIOLA EQUINA: HORSEPOX 


Sone ныз; Pranperocusy (German); VARIOLE BOVINE (FRENCH) 
+ VACOLO гасно (ITALIAN) 

Definition. — Horsepox is 4n acute, febrile infectious disease 

. of horses characterized by a vesicular exanthema appearing par- 

к figularly in the flexor region of the pastern of yoang animals. 

Xn exceptional tases losions also develop around the mouth ‘and 

nose and on mucous membranes. ‘ A 
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dlistory.—Horsepox occurred most frequently during the mid- 90, 
dle of the last century, though at present its bccurrenco is rare * » 
4nd some authors, Dieckerhoff,(1) doubt its occurence entirely. + 
Вошсу,(2) Chauveau,G) and Nocard and Laclainshe(s) inelipe ` 
to take the view that so-called horsepox is the same condition as » 
contagious pustular stomatitis and other vesiculaf jruptions that — , 
occur upon the genital organs of horses. n Germany these 
diseases are considered as independent conditions, While the , . 
matter is not settled and the close similarity of the three diseases 
must be “admitted, ћогзерох Фау, for the time being, be con- › A 
sidered a disease entity, Should it prove to be an, independ- 
ent discase such as pox in other animals, it may Be assumed . 
that, like other forms of рох, it owes its origin до thé ancient } 
occurrence of pox in the Far East, 

Distribution.—The disease known as horsepox occurred М . 
epizoötics during the nineteenth century in England, France, and — 
Germany: Other diseases with which the diognosis is often , 
confused, such as the vesicular and pustular eruptions, have 
been more general in their distribution; and should horsepox 
eventually be identified with these conditions, its distribution . 
will include а much wider area than it is at present considered a 7t 
to include. Vesicular eruptions have been described in South 
Africa, the United States, France, England, and Italy” Conta- 
gious pustular stomatitis and vesicular stomatitis will be consid- 
ered later in detail, ins 

Incubation period —The incubation period in horsepox is usu- 
ally considered to be from five to eight days. D 

Symptoms. — 1 is thought that the disease may be transmitted 
to horses by drivers and blacksmiths. Associated with the vesi- > 
cular lesiüns that develop upon the skin of the pastern is arise, 
in temperature and functional disturbances of the ektremitics. " 

‘The skin on the pastern із inflamed and swollen, and the vesicles 

develop to the size of lentils after which their contents exude = 48 
and scabs are formed. In rare cases lesions develop on the ” ^ 
mucous membranes of the mouth and nose and have becn do- ' А 
scribed оп the conjunctiva of the eye. + ^ 

Animals suscertible to the virus of horsepoz.—The diseare is 
usually limited t horses, However, Cameron(5) іп 1908 re- 
ported a case of pox іп man which occurred on the arm of a driver ' 
who treated'a horse having Боғзерох. Chauveau succeeded in è 
transmitting the disease to horses by injecting vaccine virus into." * 
the lymph and blood vessels. е Jong inoculated vaccine virus ^ 
upon ike mucous membranes of horses and produced lesions 
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42 similar to thése of pustular stomatitis and found that ani 
+ that had previously had this disease were immune to vaccine 
vo virus. This author also found that the stomatitis virus produced 
. "axons in calves, rabbits, and cattle and Guarnieri bodies were 
* demonstrated in the cornea of rabbits, 
„Tke virus qi'horsepoz.—lennerté) frst described pox disease 
iif horses and atterfpted to find the source of cowpox in the рох 
e eruptions of,horses. Little investigative work has been done оп 
the virus of this disease though it is known to be present in the 
a _ + vesicles that occur on the skin and in the saliva when the erup- 
‚ — * tioninvolses the mucous membrane of the mouth. Such material 
. when ingculated into the skin of сабе produces typical рох 
e- lesions. “They are no data upon its filterability, though from 
what is known regarding other pox viruses the probability is 
) that it will pass through coarse filters under high pressure, 
“ immunity іп horsepoz.—One attack of the disease, produces 
= immunity to future infection, 
.. Clutrol meosures.— Isolation is the chief method of controlling 
and preventing the spread of the discase. IfXsions are present 
. оп the mucous membranes of the moutlrspecial pails for feeding 
and watering shouldbe employed. Inoculation of healthy ani- 
mals may be undertaken in order to shorten the course of the 
disease should it spread. 
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5% VARIOLA CAPRINA: GOAT POX 
is Definition—Goat pox is an acute, febrile, infectious сазе 
у of goats characterized by a vesicular exanthema with moderate 
d catarrhal symptoms involving the mucous membranes of the eyes 
5.2. and’ fhe respiratory passages. 
"t History.— The origin of this disease, like ede forms of pox, 
. was most probably in Asia, and as other pox Uiscases it spread 
P filym India to Europe and Africa. “ 
. Distribution df goat, рох. Тһе chief distribution of Ыз аю- 
++ ease has been in Norway according to Boock(1) and Hanseh.(2) . 
4 It has also occurred in Italy, Spain, ‘France, Germany, and ', 
. ба “ 
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reported in 


A poxlike condition іп goats has beer 
California. 

Incubation period in gout poz.—Tho incubation period in goat 
pox is essentially the same as in sheep pox, six to eight day: 
but may vary in epidemics in different localities, " 27. 

‘Symptoms,—The clinical course in goat рох іс similar to the 
development of pox disease in sheep. The gatarrhal symptoms 
are practically identical but perhaps not as severe in goat pox 
аз in sheep pox. The development of the eruption is the same 
аз in sheep pox. In goat pox abscesses may develop on the 
udder, and pox lesions may appear in the mouth ånd on the 
mucous membranes of the upper respiratory passages, In some 
cases warty granulations occur on the lips and позе antt ulcera- 
tion of the gums may occur. Usually the discasé runs a favor- 
able course, but it may begin with marked symptoms and ter- 
minate fatally. Complications such as pneumonia may alter the 
usual favorable course of the disease and result in the death of 
the animal. 

Abortive forns of the disease have occurred in West Africa 
in whith nodules orly, develop on the udder and teats which 
usually heal spontaneously witain a short time. Similarly, а 
mild infection manifested by the appearance of hard nodules 
that simulate early lesions of goat pox has been described in 
California. Recovery from these mild forms of pox apparently 
does not produce immunity. While goat pox may be confused 
with foot-and-mouth disease, the differential diagnosis may be 
made onthe facts that the disease is not transmissible to other , 
cloven-footed animals and no lesions appear on the feet. ' 

Animals susceptible to the virus of goot pox.—The virus of 
goat pox: is not transmissible to sheep either by artificial in- 
oculation or by natural infection. It does not pass te any other 
species of animals, Tf, as is supposed, the virus originated from 
cowpox and sheep pox, it is so changed in the gout that it is no 
longer infective for these ani Ovine pox virus із 
be infective for goats by artificial inoculation, but Bonvicini (3) 
and Магсопе(а) have never observed the disease in sheep in 
areas where goats were infected with it, 

The virus of баз poz.— The vires of goat рох is present 
contents of the vesicles on tha skin, and in the saliva if lesions 
have occurred in the mouth. Artificial infection may be pro- 

duced inrgoats by inoculating them with such material, Accord- . 
ing io Marcone, small vesicles may develop on the hands and ^ 
^ arms of humans who wórk around infected goats. Few investi- 
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. gations have*been made with the virus of goat pox, but it jo ^ 

„ believed that the game general properties are possessed by this 

, virus as are possessed by virus of sheep pox and cowpos. —.« 

„к tmmunity in goat por—One altack of the disease produces 

«2 fasting imunity in goats, As has already been mentioned 
the mild forp of the disease produce little or ло immunity. 
Preventive vijceinajion is possible but is little practiced. 

Control ој] goat ‘nox.—The general principles of control that 

have been dtkeribed for sheep pox also hold for this disease. 
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VARIOUS SUILLA: SWINE pef! " 
Definition.—Swine pox is an acute; Те, infectious disease 
of swine, eharaeleridod by a papulo-vesiculo-pastula eruption 
that is quite generalized over the surface of the body, and is 
offen: accompanied with catarrhal symptoms especially involving 
jhe conjunctiva. 

‹ Fiistory—Swine рох is rare but has appeared (1907) in Hun- 
. gary, Roumania (according (о Poenarui)), and Morocco, In 
former times sporadic cases have appeared in other southern and 

eastern European countries. e 
Course of ihe" disease—Spinola(2} and Szanto(3), describe 
“swine pox as occurring especially in young pige. Thé disease 
commences several days after infection with prodromal symp- 
toms consisting of a rise in temperature, loss of appetite, stiff 
+ gait, chills, weakness, and a marked evaporation of moisture 
from the skin that resulis in a “greasy” appearance of the animals 
with the bristlga standing on end. Early catarrhui symptoms 
develop in the form of a conjunctivitis. Small гей spots appear 
on the eyelids, snout, abdomen, thighs, пек апе back, which 
soon develop into hard nodules. After two ог'.ћгее days vesicles. 
develop, later these become purulent, then dry and form crusts 
« and scabs. In very severe cases the vesicles may vecome edátes- 
4 cent qnd may be hemorrhagic, and lesions may appear in the — . 
moutk, pharynx, trachea, and bronchi: Digrrhea sets in, amd. |. 
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death may result from exhaustion or complications such as pneu- * 
monia, The diagnosis of swine рок сар Бо’ readily made by 
inoculating the contents of one of the vesicles on the 
а healthy animal. i 
The virus of swine pox.—kKoch(4) reported the transmi 
of the virus of swine pox to calves, and it has lobi been known 
that cowpox virus can be transmitted to hogs. Szeto succeedéd 
in transmilling swine pox to healthy pigssby plating infected 
pigs in the same pen with healthy ones. The meunalion period 
was only four days. Pocnaru transmitted the disease to healthy 
pigs with blood from infected hogs. It is thought that originally — . 
the discase developed in swine from cowpox, smallpox, and — ^ 
perhaps goat pox. ” 
Рптинћу fn swine poz.—Swine may be protected from swine 
pox by vaccination. The usual procedure and the опе recom- 
mended is to inoculate the young healthy pigs with (be contents 
of the ripe vesicle but not from pustules. Vaccination according 
to this methoa results in immunity, and the operation is сал ried 
out by the usual methods. While the mortality is usually not 
high in the naloral стае ц, there has been ample opportunity 
to observe that recovered animals remain immune to subsequent 
infection with the virus, 
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FILTERABLE VIRUS DISEASES OF MAN AND ANIMALS 
* (CONTINUED) 
`~ % VARICELLA: CHICKEN РОХ 


Vanioterge (FRENCH); Wassznpocken (GERMAN) $ Мововилохе 
(ацал) 

Definition Varicella ів a markedly contagious disease, char- 
acterized b a cutaneous eruption that is confined to the superfi- 
cial layers of the skin, Claicken pox із usually a harmless 
discuse and is rarely malignant. Death never results from this 
disease, а as a rule thre arc only mild constitutional symptoms 


. 


sociated with it, Thu cxact cause of chicken po: unknown, 
is thought to be caused by a filterable viris 
History —Undoubtedlg chick, рох has existed since ancient 


times, though it was confuscd wittemallpox (see Chapter II) 
until the nineteenth egntury. By most of the early physicians 
this disease was regarded as а benign form of smallpox. Chick- 
en poy:àas always been а mild disease, but it was early recog- 
nized to be highly contagious and is one of the most important 
diseases of childven from the standpoint of loss of time from 
schools, and is an important consideration in institutions such as 
* hospitals for children, We are informed by Vaughan Gat степ 
during the latter half of the nineteenth century Порта, of the 
Department of Dermatology in the University of Vienna, taught. 
that chicken pox is a mild form of smallpox. "There is no ques- 
tion as to the relation of chicken pox to smallpox ince it is now 
well known that neither condition will give any immunity az 
the olhef, although an attack of either discase confgrs an 
immunity against a subf-quent attack of the same disease. 
Chicken рох is found everwhere, Мо age is exempt, although 
the majority of cases Әт in the fifth or sixth yegr. It 
has been estimated that # per cent of adults have had the disease 
during childhood, Thofldiseae is more prevalent in girls than 
in, boys, and among white children than among’ colored children., 
‘The virus of ghiaken рог. ТАЕ ig known corfterning „he 
ө virus causing this disesse, Numerous attempts have jon made 
Y , Hj a ` а 
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"infect human beings artificially with varicella material and to. * 


traniimit the disease to laboratory animals. “Bryce, (1) in 1816, 


'inoeulated vesicular material taken from cases of chicken pox, 


5 sêpresantin/all stages of the disease, into the skin of childzen 
who bad'ndver had smallpox or chicken pox. поје of the chil- 
dren developed lesions, Hesse inoculated one hündred thirteen 
children with varicellous material and in seventeen of thém 
obtained a slight local reaction, while nine developed a gen" 
reaction. Other investigators have had more or less suctess, 
but in general, the reports dealing with experimental thicken рох 
are at most unsatisfactory, In animals practically по success 
has been met with. Rivers and Tillett(2) have, sucqeeded in 
inducing lesions in rabbits and monkeys with material taken from 
chicken-pox vesicles, a description of which will be given under 
Virus IU infection. ‘The possible relation of varicella to herpes 
zoster has been the subject of numerous papers during the last 
few years. Le Feuvre(s) is of the opinion that these two s- 
eases are related etiologically. Suggestive data in this connec- 
tion are contained in the work ^ Landa, and Silberstern, 4) Mel- 
drom,() Маџћема (0) Peccira,(7) and others, 7468) also 
speaks of a "zosteriform" chicken рох; Cozzolino,(9) Haft. 
mann, (10) and Netter and Urbain{11) have reported work which 
suggests the identity of the virus of herpes zoster and vasicella, 
Recently, however, беһгег(12) reports herpes zoster and coin- 
cident varieclla in a brother and sister developing simultancously, 
one zoster and the other varicella. Fourteen days later,’ the 
child having zoster developed varicella and Scheer concludes 
that zoster offers no protection to chieken pox. 

In the differential diagnosis of this disease the physician has 
been concerned chiefly with smallpox. Histologically, smallpox 
vesicles are found tu contain so-called vaccine bodies, while chick- 
en pox vesicles do not contain these. The lesions produced 
upon fhe rabbits cornea with vaccine virus contain vaceine 
bodies, while the lesions produced vjth chicken pox are very 
minor and do not contain inclusion b ‘ies, 

Though the virus of chicken рог has not been discovered 
we may state definitely that it is not re). ted to the virus of small 
pox and probably, is unrelated to the vir’ 8 of herpes zoster, 

Incubation period.—Tho incubation period of chicken pox usu- 
ally, ranges from fourteen to twenty-one days. The period’ of 
inlevbation. varies from four to twenty-one days but for pubs 

, health pur poser, twenty'one days is considered the maxizpurn, 
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< "Mild prodromal symptoms consisting of genefal 

" malaise may precéde the eruption. Usually the first symptom 
of the disease is the eruption. In rare cases a scarlatiniform* 
erythema is noted preceding the rash.(13) The eruptions begin 

‘first upon thd head ard trunk, then extend to the extremities, 

successive crops over several days, The trunk 
is'usually more extensively involved. Lesions usually appear 

saq the farp and in some cases may be numerous in this local. 
ity. “With the eruption there is usually а slight rise іп temper- 

+ ature to 99eor 100° №. The beginhing lesion is а small erythe- 
matous spof which gradually developg into a vesicle containing a 
clear fluid.” The vesicles are small, pinhead in size to pea size, 
round or oval, very superficial and thin walled. In some cases 
the contents of the vesicle пу become purulent, After one to 
three days the lesion dries up and a thin yellowish crust is 
formed. The lesions are always discrete and irregular in distri- 
bution, Several stages of development of the lesions may be 
noted at a given time. Tha mucous membranes are usually 
attacked, a few lesions pcourrMz on the bard and soft palate. 
Itching may or may not be a promMient symptom. The disease 
тау be complicated by secondary infection, and measures should 
be instituted to avoid this, 

Inmunity.—One atiaek of chicken pox confers a definite im- 
munity. A number of investigators have attempted to induce 
artificial immunity in susceptible children by vaccination with 
the tontents from variectla vesicles. In 1913, Kling (14) obtained 

* suacess with this procedure. This method of inducing *artificial 
immunity has also mot with more or less favorable rgsults in the 


* hands of Handrick,(15) Rabinoff,(16) Michael,(17) and Green- 


thal.) Jhe latter in 1926 obtained nineteen “takes” among 
thirty-six persons vaccinated with the vesicufir flüid of chicken- 
pox lesions. Grecnthal concludes that this method of producing 
immunit? serves to check the spread of the disease. Jn his 
hands the immunity lastfd less than eighteen months in one 
instance and more than Ах weeks in another. Greenthat al- 
tempted to inoculate guf® pigs with varicellous mateviat by 
the coaltar method emfloyed by Teague and Goodpasture (19) 
jn herpes zoster, but hf experiments were unsuccessful. 
„Pathology —The vesicle of chicken pox is multilocular, Ас. 
coiting to Unnadts tavities are formed by the reticulating ligue- 
” {жоп of groups of prfekle cells in the middle and upper nogiot 
* of the frote. Ormsby states that the sefta are formed of cells *, 


. * . . 
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between the cavities that have not undergone liquelection. The 
contents of the vesicle is said to consist of granular coagulated 
fibrin amd ballooned cells. "Phe corium shows adema and vas- 
cular dilatation, but practically no infiltration of Jeucocyt 

Prevention. Cases of chicken pox should be isplated. Kling 
favors vaccination with chieken-pox virus during epidemic con- 
ditions. Greenthal's work also suggests theadvisability of ilis. 
Mess and Unger(20) were able to obtain immu 
in thirty-seven of thirty-eight cases following the i intra ous. 
"of vesicular fluid. This method of immi x 
receive further attention, and the duration of such induced 
immunity should be accurately determined. қ 


HERPES ZOSTER; SUINGLES 
У 
; GURTELFLBCHTS (Geman) 


Zoster, Z9: 
Definition —Herpes zoster is an acule disease characterized by 
the appearance of groups of vesicles, usually following the 
course of a nerve trunk, and accompanied by neuralgie pains or 
itching. The distribution of tié lesions is usually unilateral, 
and generally is not reewrredt. У 
Symptoms Tlyperasthesia, itching, or,pain may precede the 
appearance of the herpetic lesions of zoster. "The pain may be 
localized or extend beyond the site of the future eruption ard in 
some савез the glands near the site of the eruption become en- 
larged and painful. ‘The vesicles appear aiong the course of 
the affected nerve and tend to occur in groups of two, thres, or 
more, inipaiches separated by normal skin. ‘The vesicles, whjen 
may be the, size of a large pea and contain a clear fluid, later 
develop into pustules, In some instances groups of vesivies coa- 
lesee and are deeply situated in the skin. The lesions develop in 
sive grolips and finally dry up and form a yellowish crust 
that leaves а pigmented arca on the skin, In few cases ulcera- 
tion may take ph Usually the disease runs its courte within 
two to three weeks but may be prok рдей in some cases. The 
pain in herpes zoster тау be very mild or severe depending 
upon the case, and may be transis, disappbaving with, the 
lesions, or persist for long periods of ti pe after all symptoms of 
the disease have subsided. While the ftiscase is rot prone to 
recur, many cascs of two or more atlacks are on record. "The 
exyption máy occur in different localitibs,"and upon the busis 
of ifs place of attack the types of the discase have been desi 


nated, Dermatologists now recognize the following types of " 


у to varicelia , 
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zoster: Zoster frontalis, ophthalmicus, capillitii, facialis, nuchæ, 
brachialis, pectoralis, abdominalis, and femoralis, 

The virus of zoster. —The true etiologic agent of herpes zoster’ 
is*anknown, it is thought that infection, and mechanical and 
chemical trauma are its chief causes. Rosenow and Oftedal (21) 
have reported the experimental production of zoster lesions in 
añimals following the injection of certain streptococci which 
thoy isolated from the tonsils and pyorrheal pockets of patients 
suff@ting with zoster. — Sachs(2?) has described an epidemic 
of some sixty-nine cases of the difease that occurred in Breslau 
іп 1901 which indicates the infectious nature of the malady. 
Hay (23), is of the opinion that the enlargement of the lymph 
glands іп zoster indicates its infectious character. Тһе relation 
of herpes zoster to varicella has been mentioned above. The 
affection has also been noted in connection with focal infections 
by Lain, (24) with malaria by Winfield,G5) with syphilis by 
Brown and Dujardin ;(25) and by other authors it has been noted 
with eclampsia, pyemia, septicemia, meningitis, manipulations 
of the spine, gunshot wounds, and other injuries, and following 
the extraction of tceth. Also it appears that this infection 
máy follow the inges‘ion of arsenic, and poisoning with mon- 
oxide, carbon dioxide, and other substances. 

In connection with the possible relation of herpes zoster to 
chicken pox Greenthal (18) states that while working with the 
virus of chicken pox he developed в mild herpes zoster. lie had 
had'chicken pox during childhood. Recently one of my patients 
developed a mild herpes zoster although he had вшіегей an 
attack of chicken pox only a year before, Examples such as 
these can be muttiplied. We believe that herpes zoster and 
chicken pox are independent diseases and are caused by different 
agents. These agents may be closely related, but they appear 
to be specific. 

Lipschiitz(27) reports that he has been able to demonstrate the 
presence of inclusion bogies in the lesions of zoster that are 
similar to the bodies fountain other forms of herpes and in many 
other diseases that ard Caused by füterable viruses. * From 
the vesicles of herpes smplex and herpes genitalis a virus сап 
be recovered that is inf zctive for rabbits, producing in them an 
encephalitis to which | еу succumb within a few days, The 
virus can be recovered from the brain of the infected anitnal. 
Cole ard Kuttner(28) in 1925 examined nine cases of herpes zos- 
ter and attempted to infect rabbits wit 
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zoster: Zoster frontalis, ophthalmicus, capillitii, facialis, nuchze, 
brachialis, pectoralis, abdominalis, and femoralis, 

The virus of zoster.-—The true etiologic agent of herpes zoster 
is*anknown, It is thought that infection, and mechanical and 

' chemical trauma are Из chief causes. Rosenow and Oftedal(21) 
have reported the experimental production of zoster lesions in 
ahimals following the injection of cerlain streptococci which 
fbov isolated from the tonsils and pyorrheal pockets of patients 
sufl@Hing with zoster. — Sachs(22) has described ап epidemic 
of some sixty-nine cases of the difease that occurred їп Breslau 
in 1901 which indicates the infectious nature of the malady. 
Hay (2), is of the opinion that the enlargement of the lymph 
glands in zoster indicates its infectious character, The relation 
of herpes zoster to varicella has been mentioned above, The 
affection has also been noted in connection with focal infections 
by Lain,(24) with malaria by Winfield,(25) with syphilis by 
Brown and Dajardin;(26) and by other authors it has been noted 
with eclampsia, pyzmia, septicemia, meningitis, manipulations 
of the spine, gunshot wounds, and other injuries, and following 
the extraction of teeth. Also it appears that this infection 
may follow the ingestion of arsenic, and poisoning with mon- 
oxide, carbon dioxide, and other substances, 

In connection with the possible relation of herpes zoster to 
chicken pox Greenthal(18) states that while working with the 
virus of chicken pox he developed a mild herpes zoster. Не had 
had'chicken pox during childhood. Recently one of my patients 
developed a mild herpes zoster although he had вшіегей an 
attack of chicken pox only a year before, Examples such as 
these can be muitiplied. We believe that herpes zoster and 
chicken pox are independent diseases and are caused by different 
agents. These agents may be closely related, but they appear 
to be specific. 

Lipschiitz(27) reports that he has been able to demonstrate the 
presence of inclusion bogies in the lesions of zoster that are 
similar to the bodies founzqin other forms of herpes and in many 
other diseases that arg. @ based by filterable viruses. “ From 
the vesicles of herpes simplex and herpes genitalis а virus сап 
be recovered that is inf zctive for rabbits, producing in them an 
eugephalitis to which hey succumb within а few days. The 
virus can be revovered from the brain of the infccted animal. 
Cole apd Kuttner (28) in 1925 examined nine cases of herpes zos- 
ter and attempted to infect rabbits with: fuid frem the vesicular 
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legions. These authors were unable to isolate a’ figle strain 
of herpes from these cases. During the following year McKin- 

теу and Holden20) in their studies on experimental encephalitis 
in rabbits atfempted to isolate a strain of herpes from three 
cases of herpes zoster but were unsuccessful. It sgems apparent 
that the virus of herpes zoster is not infective for rabbits at 
least when it is inoculated subdurally. Ay mentioned abote, 
Teague and Goodpasture(19) were able to inoculate guinea pigs 
with herpes virus quite casily after the skin had been M oi 
susceptitfie with previous coabtar applications; іп thjs way they 
produced experimental herpes zoster, 

The evidence points to а АМегаћје virus as the ctidlogic agent 
im herpes zoster, Mechanical and chemical traumatism may be 
factors assisting in the development of the infection. Ав point- 
ed ont by us in another publication(30) the herpes virus may 
remain latent in the tissues (ganglia, nerve trunks, ete.) and 
pass down the nerve trunks under certain favorable conditions 
and manifest itself in a cutaneous lesion, 

Incubation period. —The exact period of incubation in herpes 
zoster is unknown. 

Animals susceptible.—Man is the naturg! host for the virus of 
herpes zoster, According to the experiments of Goodpasture 
and Teague guinea pigs under certain conditions are also sus- 
ceptible. 

Immumity—Herpes zoster is not prone to recur. However, 
instances in which several attacks of thesdisease have occurred 
in the sáme patient are on record. These observations may, be 
taken аз ђојћ positive and negative evidence for immunity, At 
present the question remains unsettled. Herpes zoster docs 
not protect against chicken pox nor does an attack of chicken pox 
protect against hemos zoster. Chicken pox, however, confers a 
definite immunity against а subsequent attack of varicella, On 
these facts alone should be based the opinion that these'two con- 
ditions are separate and distinct entlies although thay may be 
similar and the causative agents та be closely related, 

Puthology—The chief changes inffkrpes zoster are foung in 
the posterior roots of the spinal легуђе, in the root fibers of 
the posterior columns of the cord? and ф the peripheral nerves. 
‘These changes cchsist of interstitial inl&mmation and degener- 

changés of the ganglionic centers, Sunde(31) found active. 
infiamntation, multiple small hemorrhages, and round-cgll ingi- 
etratlon in and QaroundAthe Gasserian ganglion on the affected 


> side of a patient havinglherpes zoster frontalis. There was also 
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а round.cell infiltration between the nerve fibers and a fibrino- 
purulent exudate associated with the presence of a Gram positive 
(both diplocoeci and chains) coceus. Regeneration usually 
takes place, but іп some cases the destruction is complete and 
permanent. ‘The cutaneous changes involve both the epidermis 
and the corium. Unna describes the changes in the epithelial 
с as а “ballooning degeneration." The cells within and around 
tha vesicles, have a cloudy protoplasm and frequently contain а 
number of nuclei which resemble protozoans. These were once 
thought бос parasites, but it is now known that they are nuclei. 
In the corjum there is also dilatation of the capillaries, cedema, 
and moderate leucocytic infiltration, 

Herpes zoster is a self-limited disease and usually terminates 
within a few weeks at most. ‘ Herpes simplex tends to recur, and 
its appearance is not related to the nerve distribution. Herpes 
zoster should be differentiated from eczema and from chicken 
pox, which in some cases closely resembie it clinically, 


VIRUS-H INFECTION 


Virus Ш was discovered by Rivers and Tillett(2) while at- 
tempting to produce chicken pox in rabbits. The agent produces 
gross as well as microscopic lesions in the cornca, skin, and testi- 
cles of rabbits, and infection with this virus results in an immu- 
nity against subsequent infection with the same material, In 
the begianing Rivers and Tillett believed that this virus was the 
caute of chicken pox, but further work disclosed the fact that 
virus Ш is indigenous to rabbits and that it can be differentiated 
from vaccine virus as well as herpes virus, These, authors de- 
monstrated that the Jocalization of the virus of varicella in the 
human skin is influenced by irritation. The effect was observed , 
in five of fifty-one patients. Ја one case thif lesions beneath an’ 
adhesive-plaster irritant were found to be more numerous than 
on other parts of the body. In another case napkins ware irri- 
tants, and the lesions offchicken pox were located at the site 
of the irritation. In anther case the tie and collar served as 
an «irritant. This suggo ‘fs that the virus is in the circulating 
blood. Rabbits were found to be susceptible to the virus гесоу- 
ered from the blood TT patients, which when inoculated 


into the testicles of fabbits produced redness, swelling, and 
«бата, although nb érdinary bacteria could be demonstrated. 
Tac virus was capable of serial transmission through rabbits 
by méans of testicular inoculation and resistal the action of‘, 
50 per cent glycerol for twenty-nine days, | t 
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"Andrews and МіЙет,(62) and Miller, Andrews, and Swift(39) 
have also deseried a filterable virus infection of rabbits occur- * 
“ring in apparently normal rabbits and іп animais inoculated 
with rheumatic-fever material. It is quite probable that these 
viruses, if not identical with virus HI of Rivers and Tillett, аге” 
closely related to it. “ 
In later experiments Rivers and Tillett* demonstrated that 
virus ПТ is filterable through Berkefeld N and V candles, end 
that the virus is destroyed by heating to 55° C. for ten miffules. 


These authors found that thè intradermal inoculation of virus > 


Ili into rabbits results in,more-uniform lesions than those ob- 
tained by smearing the virus on the scarified skin. [mmunity 
to virus HI was produced by intradermal, intratesticular, intra- 
venous, intracerebral, and intranakal inoculations. This immu- 
nity persists for at least six months. Passive immunily could 
not be produced in normal rabbits by immune serum taken from 
immunized animal Serum from immunized animals, however, 
possesses virucidal properties for virus IH either in vitro or 
when injected simultaneously with the virus into the same part 
of the skin. Rivers and Tillett state that virus III is immuno- 
logically distinct from both vaccine virus and the virus of syfnp- 
tomatic herpes, Serum from several patients convalescing 
from chicken pox possessed no virucidal aetivity against virus HI. 
The authors conclude that the experimental evidence shows no 
relation of the virus to that of varicella. 

In 1926 Rivers,(33) convinced that virus IIT was indigehous 


to rabbics and that it was not related to chicken pox, reported ’ 


his experiments with varicella material inoculated into monkeys 
(vervets). In this work he was able to*demonstrale that 
following intratesticular inoculation of varicella material into 
monkeys there appeared nuclear inclusions characteristic of 
those found in several other filterable virus diseases, These 
inclusions were observed in the glapdvlar cells of the testicle 
removed on the sixth day and stained with eosin, In a second 
monkey showing а similar gross гед tion to the inoculation the 
testicles were removed on the eight’ asy but no inclusions "rere. 
found. ‘These results offer encouragenient for the future study 
of chicken pox and should receive further attention. 

Virus Hi, has apparently been excellent material with which 
to-ctudy some of the more fundamental ‘problems in relatioif to 
thewrenerai problem of the filterable viruses. Мапу intpresting 

27 experiments suggest tipmselves with material at hand Such as 
>, this, Pearce Ånd; Rivers have carriéd on зоте interesting work 
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with this virus in connection with tumor growth and malignancy. 
These authors found that transplantable rabbit neoplasm does 
not develop in animals immunized to virus Ш as it does іп пољ, 
immunized animals. They believe that this resistance to the 
neoplasm is nonspecific and is duc to а more effective resistance 
of the host. Tp other experiments these authors were able to 
show that animals jnoculated with virus-LILinfected tumor ma- 
terial developed a more serious disease than animals receiving 
non-iiras-beering tumor material. 

Virus 1Ц should receive furthen study in an effort to confirm 
the interesting resuits that have been obtained by Rivers and 
his associates and to extend as far ds possible our fundamental 
knowledge cohcerning the filterable virus infections. 
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RUDEOLA: MORBILLI: MEASLES 


Definition.—Measles is a specific, highly Contagious, febrile 
disease which із characterized by catarrhal manifestatio 
the unpersrespiratory tract, suffusion of the eyes, and a d 
cutaneous rash, While the etiology of measles is not definitely 
determined it is thought b? some to be caused by а filterable 
virus and by other investigators to bo of definite microbial 
origin, 

History Measles is one of the most readily communicable 
of all diseases. Man is universally susceptible. Tt is probable 
that this disease is as old as the human race though in olden times 
it was confused with smallpox. Sydenham(1) in 1847 first gave 
an accurate description of this disease which eliminated much 
of the confusion between measles and Smallpox that had gone 
before. Later, for a time, measles was confused with scarlet 
fever, and even to-day there are cases of German measles that 
offer difficulty in arriving at an early diagnosis between these two 
diseases. Koplik in 1896 described small, irregular, red spots, 
the centers of which аге the seat of minute bluish-white specks, 
on the mucous membranes of measies cases. These spots, now 
designate “Koplik spots,” appear before the cutaneous eruption 
and aid materially in the diagnosis of this disease. 

While measles is considered one of the commonest diseases of 
childhood, it is by no means limited to this age group. Accord- 
ing to Vaugban?2) there were 67,763 cases of measles With 4,261 
deaths among the soldiers of the Union Army during the Civil 
War, while during the World War in the year 1918 the Surgeon 
General's report gives 48,900 cases d? measies for the United 
States Army, Pneumonia is a frequent complication of this 
disease, and the relatively high mortality is due to this complica- 
tion. Wherever people are brought (веер in crowds, and 
particularly in time of war, therc are susceptible individuals, 
and epidemics of ‘measles are to be exflcted. 

Digtribution of meastes—Man is universally, susceptible 40 
measles, and the distribution of this disease is limited su by 
the distribution of its gatural host. 3 
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The virus of meastes.—The specific etiological agent in measles 
is undetermined. It is known from the work of Goldberger and 
Anderson that the virus of measles із present in the secretions 
from the nose and throat of measles cases, and that the specific 
agent is capable of passing through the pores of a Berkefeld 
filter. Blake and Traskt3) were able to induce the disease in 
monkeys with maferial obtained from the nasopharynx of active 
cases, and further demonstrated that the virus is filterable. ‘This 
virus resists drying and freezing for twenty-four hours but is 
destroyed, at 55° С. Hektoen(4), produced measles oxperiment- 
ally in two students, while Anderson{5) has also succceded in 
inducing the disease in monkeys. Nevin and Bittman {6) claim to 
have irfduced symptoms of the disease in guinea pigs following 
the injection of blood from active cames of the disease. Duval 
and d’Aunoy(7) have obtained similar results. None of these 
experiments has resulted in the isolation of any known bacterial 
forms, though Mallory has described certain minute bodies in 
the endothelial cells of the capillaries of measles cases, 

Caronia(8) recently reported the presence of an organism 
congisting of very mihute granules and occurring in pairs in 
the blood, bone marrow, cerebrospinal fluid, and filtrates from 
nasal secretions of cases early in the course of the disease. 
This organism may be cultivated anaérobically from material that 
has been passed through a Berkefeld filter. Further, according 
to this investigator, the disease may be produced іп susceptible 
individuals following the inoculation of this culture intravenous- 
ly and the killed culture when injected produces immunity to 
the disease. А 

More recently Tunnicliff,(®) Юопрез,(10) Ferfy and Fish- 
er, O1) and Hibbard and Duval(12) have cultivated a nonhemoly- 
tie streptococcus from the blood of measlessases, Tunnicliff has 
also been able to cultivate another streptococcus from cases of 
Germah measles. In forty-two of fifty-two cases this author 
recovered a stroptococevfs, although in twenty cases other bac- 
terial forms were found in addition to the streptococeus. Ferry 
and Fisher and also Tugnicliff have demonstrated that their 
streptococcus produces a toxin and in this respect is quite sim- 
ilar to the streptococcus of scarlet fever. In this connection 
Paraf(Q3) has shown/that measles complicated by streptococcus 
infections can gauce (6 positive Dick reaction to betome negative. 
r experiments/Tunnicliff has shown that the grccn-produe- 
rance of the rash awi 
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during the acute stages of the disease are immunologically dis- 
tinet from similar cocci isolated later during the convalescence of 
fhe patient, Guardabassi(M) found from his experiments on 
rabbits and guinea pigs that the measles virus is fllerable, apd 
demonstrated Gram-negative granular formations that measure 
from 0.4 to 0.6 micron in length and stain pink avith Giemsa's. 
He states that these forms are analogous {о those describad 
by Coronia, 

Long and Cornwell (15) attempted to isolate a toxin-producing 
green straptococeus from forty-seven cases of measleg but were 
unsucceseful. In all the cultures made from the blood of these 
patients during the preëruptive stage of the disease, cultures 
were obtained in only four instances and these were fegarded 
as contamination, 

Degkwita(16) has been a steady proponent of the fillerable 
virus theory of the etiology of this disease. In his most recent 
work he states that measles can be produced in human beings 
with material sterile from a bacteriologic standpoint, with sterile 
blood from a patient with measles, or with dilutions of blood 
that have been passed through a Berkeitid filter. This author 
finds that the паза] secretions are also infective. According to 
this author the virus of measies may remain alive for several 
weeks in blood taken from a patient having the disease, provided 
it is placed in buffered sait solution and kept at 0° С, 

Other organisms have been described as the cause of this dis- 
ease by Salimbeni and Kermorgant) who described the cnl- 
tivation оҳ а spirochaete associated with a Gram-negative bacillus 
from measles cases and by Sellards and Bigelow(8) who rè- 
ported the discovery of a small Gram-positive bacillus. Kusa- 
тпа(19) has described the passage through monkeys of a Gram- 
positive diptheroid bacillus that he believes to he thé cause of 
measles. 

It may Бе said without reservation that the virus of measles 
is at présent unknown. Since so manydifferent organisms have 
been described as the cause of this disease it appears that second- 
ary bacteriat invasion in measles cases is apparently accomplished 
with great case. Perhaps future investigations will determine 
which of the various organisms described is the true cause of this 
disease or whethew we must continue tojregard the etiological 
agent of measles as a filterable and invisi agent. 

dntubation period in meastes—The incubation’ period of met, 
gles #8 usually from eleven to fourteen days. 
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Symptons—The symptoms of measles may be divided into 
«three stages; namely, the period of invasion, the stage of erup- 
tion, and the stage of desquamation, А 
The invasion of measles is gradual. Тһе fever znd the catar- 
«thal symptoms increase gradually until the rash appears. The 
invasion of tha disease is characterized by coryza, increased 
lachrymation and suifusion of the eyes, photophobia, sneezing, 
and nasal discharge. A hoarse, hard cough usually develops, 
and the patient may develop а sore throat. On the mucous mem- 
brane ‘of the checks appear minute white spots, КорИК spots, 
* that are diagnostic of the discase before the rash appears. Тһе 
constitutional symptoms consist of dullness, headache, pains in 
the back ‘and legs, and in some cases vomiting and diarrhea, 


ы The cruption or rash begins about the third to the fifth day 


of the disease as small dark red spots on the back or behind 
the ears, at tha hair line over the forehead, and on the neck. 
The first lesions are macules which rapidly change, within about 
twenty-four hours, to papules. The rash is usually fully devel- 
oped in from thirty-six hours to three days. As the disease 
progresses the rash spréads over other parts of the body and 
appears last upon the lower extremities. As a rule it covers 
the entire body and thay remain discrete or become confluent. 
Usually the rash lasts about four days, but in mild cases it may 
terminate within a day or two and in other cases remain for six 
days or а week. The constitutional symptoms reach their height 
at the time of the full development of the rash, The tongue be- 
+ comes coated and somewhat resembles the strawberry tongue of 
scarlet fever. As the rash subsides the general symptoms be- 
7... come less marked, the fever rapidly declines and within twenty- 
four to forly-eight hours after the temperature has reached 
normal the‘rash disapnears. pue 
When the rash disappears а fine branlike desquamation begins. 
* Tt may last from five days to two weeks and is more marked in 
< he cases where the eruption has been severe. s 
Measles cases are subject to a variety of complications, Ав 
a rule the mortality is low, but in epidemies where the disease 
is complicated by а terminal pneumonia [he mortality тау be 
exceedingly high. In addition to pneumonia other complica- 
tions, such as meningifes, encephalitis (see chapter on Ence- 
рбай), otitis, chroni¢conjunctivitis, enlargement of the lymph" 
« glands followed by tuberculosis infection, nephritis, enčocatdi. 


* tis and/ pericarditis, gastric disorders, erysipelas, furunculbsis, , 
‹ t 
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irapetigo, pemphibus, and hemorrhages, have been observed. 
Measles may also be complicated by other infectious diseases. 

» The blood picture in measles is characterized in the early 
stages of thé disease by a lymphocytic leucocytosis and later 
there is a leucopenia. 

Animals susceptible to the measles virus—Man is the natural 
host for this virus. Experimentally monkeys, rabbits, and gui- 
nea pigs are said to be susceptible. 

Inmunity.—One attack of measles usually confcts иш: 
Second sttacks аге more often reported in this disease than in 
any of the other eruptive fevers. Age is no barrier to the 
infection provided the individual has never sufferefl an attack 
of the disease. It is quite generally agreed that measfes lowers 
the resistance to other infections more than any other disease. 
Immune bodies are greatly diminished or disappear within a 
short time after an attack of measies. 

Within recent years the use of convalescent serum has been 
employed, particularly by Park, for the prevention of measles. 
The serum is most active after the tenth day following the 
disease and before three months have elapsed. Five cubic cen- 
timeters of this serum are sufficient to immunize a child against 
measles for a few weeks. Adult serum has also been employed 
for this purpose, but much larger quantities are required to 
produce any immunity. Debre, Joanmon, and Papp(20) have 
employed minute quantities, 0.00125 cubic centimeter, of filtered 
blood from measles cases for the purpose of immunizing children 
and stath that hundreds of children have been successfully vagei- 
nated in this way without any reactions. The duration of the 
immunity produced by this method is unknown. According to 
Baron(21) the use of Degkwitr's protective sheep serum for 
measles is notvuczsraging. In this author's experince all per- 
sons so immunized developed measles and in some cases with 
grave results. On the other hand the use of convalescént serum 
for immunization has met with continued success wherever it 
has been tried, For the time being this method of prevention 
in measles appears to be very encoyraging, and the dangers of 
transmitting other infectious diseases may be minimized by 
careful selection of material to be used for immunization of 
susceptible individuals. 

То 1926 Punnicliff and Hoyne(23) repòrted the immunization 
of ‘goat with their green-producing meastes diplocoeci X found 

„ that the serum, from these goats protected rabbits agaist sub- 
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sequent injections of infective material from measles. Rabi 
not so protected developed characteristics of measles when in- 
jected with infective material, the symptoms consisting of a rise. 
in temperature, Koplik spots, and а rash. In свошег paper 
these authors have described the results of the use of their im- 
mune serum inchildren in which 45 per cent of children who re- 
ceived 4 to 6 eubie centimeters of serum on the fourth day after 
contact with measles patients remained immune, All infants 
under one убас of age who received serum after the fourth day 
following exposure developed the disease. Tunnicliff concludes 
that— 


Although the duration of passive immunity with immune goat serum, 
as with human convalescent measles serum, is only a few weeks, the serum 
appears to be useful in preventing measles in very young and sick children, 
and in stopping epidemics in institutions where the inconvenience of an 
epidemic is great and the mortality may be high, 


Pathology.—The only anatomical changes in uncomplicated 
measles are those found in the skin and mucous membranes. 
The skin lesions are inflammatory in character and are thought 
to be more superficial than those in scarlet fever. Around the 
blaod' vessels there is an infiltration of round celis. (Edema 
and congestion are inf evidence about the sweat and sebaceous 
glands, and the papilie. 

"The mucous membranes are the seat of a catarrhal inflamma- 
tion, and in some cases the inflammation may be of a membra- 
nous character, Other anatomical changes depend upon various 
complications which may appear in certain percentages;of meas- 
les cases. 

Control measures.—isolation and quarantine aré absolutely 
essential for the control of this disease. Seroprophylaxis, as 
soon as it tan be carried on on a large спанаћ gale, may offer 
great aid in the prevention of this disease. At present our 
methods ‘of preventing measles are totally inadequate, even were 
they rigidly enforced, dud primarily to the very nature"of the 
disease. Rosenau (22) states, “the suppression of measles is 
one of the most«lifücuit problems we have to face, for the reason 
that the disease is one of thë most highly contagious of аЙ infec- 
tions, and for the further reacon that it is most contagious dur- 
ing the preéruptive stdye.” Further investigations it is hoped 
Wil lead to a better Knowledge of this disease upon which 4 
J and definite method of protective immunization may he 
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RUBELLA: ROTIEELN: GERMAN MEASLES > 


Defiiition—German measles is а Specific, infectious disease 
of a mild nature; it is characterized by а cutaneous rash which 
usually, appears without prodromal symptoms, Its mortality, 
if any, is exceedingly, low, and in the absence of any demon- 
strable causative agent it has been thought to be caused by a 
стае virus. э n 

History.-"From our knowledge of the‘history of rubella itels 
kelléved-that German measles probably existed in ancien times 
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and was confused with scarlet fever and rubeola. 
states that— 


Capable students of the history of epidemiology claig that there is 
sake evidence of the recognition of this disease from measles in the writ- 
ings of Arabian physicians of the ninth and tenth centuries. We ате also 
told that in the Seventeenth century the learned epidemiologist of Sicily, 
Incrassias, reeognized that oceasionally he had to deal with a disease 
resembling measles but to which an allack of measles gave no immunity. 
During the eighteenth and a large part of the nincteenth centuries there 
was mach discussion ax to the identity ог the specificity of rubella and 
rubeola. These terms were used indiscHminately, and it now quito evi- 
dent that they were often transposed by certain: authors. 

Vaughan believes that the malignant. epidemies attributed to 
rubella by German authors in the eighteenth cenlury were un- 
doubtedly epidemics of scarlet fever. The exact date when Ger- 
man measles was recognized as а separate and distinct disease 
is not known, although Vaughan states that— 

In 1815 Maton clearly pointed out the difference between scarlatima, 
rubella, and rubsola. Rubella was given a variety of names; in fact, 
nearly every clir in who wrote upon the exanthemata of infancy and 
childhgod, for 100 years gave some new name to И. The term rubella 
was suggested by an Ел physician, Veale, in 1868 and soon found its 
way into the medical dictionaries. The name is especially appropriate, 
being the diminutive of rubeoia and expressing at one and the same time 
the slight import of the disease and its relationship to measles; in other 
words, rubelia means little or light measles. 

Distribution German measles has long been known through- 
out Europe and the Americas, No doubt its distribution is lim- 
tad solely to the distribution of its natural host, which is man. 

The virus of German meastes,—The cause of Gertaan measles 
is not known. Tunnicliff (see Measles) has found a streptococ- 
cus in measles which is different from the streptococci found 
in rubeola, but so little study has been made OF this organism 
and its relation to German measles that only passing mention 
of it may be made at this Aime. German measles, being of such 
Jow mortality and of such a mild clinical nature, has received 
very little study from the standpoint of etiology. That rubclia 
is a disease distinct from rubeola there can be no doubt, Measles 
gives no immunity to rubella, and in гирейа Koplik spols are 
absent. In the absencs of a definite etiologig agent and based 
upon the possible filtefable nature of the virus of rubeola it is 
algo thought thet rubella may be due to a filterable virus. `, 
*Incipation period. The period of incubation in rubella Ts 
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usuaily from fourteen to twenty-one days but is subject to great 
variation. 


^ Symptoms.—Usually there are no prodromal symptoms, al- 


though in some cases there may be mild constitutional symptoms 
before the rash appears. As a rule the first sign of the pres- 
ence of this disease is the appearance of a rash. The rash is 
usually composed of very small maculopaprles which are pile 
red in color, diserete, and the size of a small pea, The rash 
resembles rubeola in many respects and is subject to varjation. 
In some cases the rash is Метюттһәшіс and may havo а "shotty" 
feel to the touch. The temperature usually docs not exceed 
101° F, and may fall abruptly as the rash disappears. , In some 
cases the temperature may reach 103° F. and catarrhal symp- 
toms with sore throat may be present. One of the most constant 
features of rubella із the enlargement of the cervical lymph 
glands. This swelling subsides slowly іп most cases without 
suppuration, but in some cases it may persist for long periods 
of time, 1 have recently seen a case in which the cervical 
adenitis has persisted for nearly two years despite all the treat- 
ment to reduce it. Forcheimer (2) has described an enanthem of 
the mucous membrane of the throat in German measles consisting 
of minute, red points appearing upon the uvula and soft palate 
which he believes is characteristic of the discase. According to 
this author these “points” disappear within the first twenty- 
four hours of the disease. 

Duke has attempted to differentiate between two form. of 
German measles, one of which closely resembles scarlet fevgr. 
This disease is known as “Duke's disease” or the “fourth dis- 
ease.” Opinion is not crystalized upon this matter. 

In some cases there із по desquamation following the disap- 
pearance of thesraslf while in others it may be fairly marked. 
Тһе mortality in German measles is practically nil; com- 
plicatiqns are rare and when present gre very mild in character. 

Animals susceptible to rubella.—So far as is known man із 
the natural host of the infectious agent of this disease and is 
the only species affected. German measles һа not been defi- 
nitely produced in animals. 

Immunity. One attack of the disease confers а definite im- 
munity арай subsequent attacks, Ryjeola and scarlet fever 
offer no protection against rubella and vice versa. 

ә Pathology.—The anatomical changes ià German meages are 
limited to the sin and е accompanying changes inthe cervical 
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lymph glands. Due to the mild nature of this disease there Вск 
«been a great paucity of material for study, and in general it 
is believed that in uncomplicated cases of German measles the 


Зум pathological changes are so mild that no importat.ce should be 


“ 


«attached to them. 

Control measares—According to Vaughan the evidence ap- 
pears to favor the, idea that German moasles is transmitted 
chiefy through fomites, Authors are not agreed as to the 
degree of coktagiousness of this disease, although it is generally 
admitttd that it is contagious. Isolation is indicated; and in 

* general the measures employed for measles should be instituted. 
Vaughan recommends the burning о? disinfection of all articles 
with whith the patient has been in contact. 
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EPIDEMIC PAROTITIS: MUMPS 


Definition —Mumps is a specific contagious disease charac- 
terized by an inflammation of the salivary glands. The parotid 
gland is usually involved and the submaxillary and sublingual 

« glapds may also be affected. In some cases the disease‘involves 
the testes in the male and the ovaries in the femaly. In some 
cases the first symptoms of the disease may be related to the 
testes. Тре disease is caused by а filterable virus. 

History.--According to Vaughanti) thio dirzase has been 
known since the time of Hippocrates, though it was first recog- 
nized as à specific disease by Hamilton in Scotland in 1761. in 
discussing the epidemiology of this discase this author states 
that extensive epidemics of mumps occurred in Italy during 
the Jatter half of the eighteenth century, Mumps is an |шрог- 
tant disease in military organizations. Vaughan states that in 
1918 there were 166,370 сазе of mumps in the United States 
Army, and the loss of time caused by this disease has been es- 
tirtated at 2,894 074 days. During the World War ‘there wag а 

< total of 213,948 cases of mumps in the American Army. "onsid- 


' ering the entire army at home and abroad for, the year 1918 v 
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Vaughan states that 7,766 men were disabled by this disease for 
cach day of the year. The total number of deaths for the year 
1918 attributed to this disease was 151, the actual cause of death 
for the most’ part being a complication by pneumonia. In ci- 
vilian life mumps usually occurs between the ages of 5 and 15 
with most cases falling in the age group between 7 and 9 years, 
It is in this period of life, when the child starts to school, that 
he comes in contact with the virus from other cases, In armies 
the disease appears in the age group of 21 to 21 years chiefly. 
In the early history of mumps the disease was ccnfused with 
secondary parotitis and practically nothing was known regarding 
the epidemiological features of the disease. 

Distribution.—Mumps is distributed all over the world, and no 
place or country, it is thought, is ever continuously free from 
the disease. 

The virus of mimps.—In the eighties of the nineteenth century 
various investigators reported bacterial forms in the blood and 
saliva of persons having mumps, Vaughan states that “in 1892 
Laveran and Catrin found in 67 out of 95 cases of mumps 
micrococei resembling those already described. The testicular 
fluid obtained by puncture with а hypodsrmic needle gave ‘pos- 
itive results in 12 out of 16 cases. No inoculation experiments 
were made with these bacteria.” Again, "in 1896 Mecray and 
Walsh found a diplococcus in the discharges from Steno's 
duet. . . . Granata (1908) for the first time, used filtered saliva 
in animal inoculations.” - 

Granata used rabbits in his experiments, and his results are 
regarded as of doubtful significance. In 1913 Nicolle and Con- 
seil, (2) working with filtered saliva from casca of. mumps, found 
evidence of the experimental disease in the monkeys which they 
inoculated. ‘Thcde Experiments were followed by the work of 
WolisteinG) in 1918 which placed the fillerable nature of this 
virus upon a sound basis, Wolistgin inoculated the filtered 
mouth washings of children suffering from mumps directly into 
the parotid glands of cats. Following these inoculations the cats 
exhibited a smail rise in temperature within forty-cight hours 
and ht local tenderness which Wollstein thought to be due to 
mechanical injury, In about всей days after the injection there 
was swelling and'tenderness of the parotid and testicles. Wols- 
tein states that “the swelling and pain in th» perotid lasted from 
two, to five days, but the testicular swelling rarely Jubsiced 
in less than же idyrteen days," There was s gradual in- 
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crease in lecheocytes from the second day following the inocula- 
‚ tion. Wollstein says: | 
їп the third week all the symptoms began to disappear, the leucocytes 
regching the normal first, the tenderness disappearing at the same time, 
ава the fever persisting for another week. While tenderness on palpation 
* of the parotids was less marked than that of the testes, and the swelling. 
mover reached thé stage of marked facial asymmetry, the eats manifested 
жәке degree of discomfort in the inoculated parotid. The appetite was 
oniy slightly affected and at no period of the experiment: did the cats 
appear espeeisily НГ... the salivary filtrates from patients ЗП from one 
to tbrés days produced these marked symptoms in the inoculated cata. 
+ On the sixth day of the disease the effect of the filtrate injection was 
much less marked and inoculation of material obtained from а patient 
mine days or longer after onset of the mumps attack was apparently 
without rdsults.” 

‘Transmission of the experimental disease from cat to cat was 
successful with emulsions made of infected glands and by means 
of the saliva from inoculated cats. 

Regarding the properties of this virus little js known. In view 
of the apparent ease with which cats can be infected with 
mumps virus it seems that much information on the nature of 
the virus may be obtained by further experiment. 

Incubation period = The incubation period of mumps may vary 
from three to twenty-five days, and on the average it ranges 
between fourteen and twenty-one days. Experimentally in cats, 
according to Wollstein, it is from six to seven days. 

Symptoms.—Prodromal symptoms consisting of headache, 
anorexia, vomiting, back and leg pains, and fever may in some 

* cages precede the local swellings. As а rule both parbtids are 
involved and the jaws are painful before actual swelling is 
noted. Usually the swelling begins on one side, the other gland 
becoming involved one or two days later. All degrees of swelling 
may exist depending upon the severity of thacase. The sub- 
maxillary and sublingual glands may also be involved. The 
salivary Secretion is usually diminished, but in some cases there 
may be excessive salivation. The temperature ranges between 
100 and 104° №. Venous congestion leading to hyperæmia of the 
brajn with headache and delirium may result, Other complica- 
tions such as orchitis, nephritis, deafness, pneumonia, meningi- 

„ endocarditis, and suppuration may occur in some cases. 
However, these are rare. The blood picture in mumps із quite 
characteristic, jt consists of a reduction in the polymorpho- 

| wiclearo and an aclual-and relative inerease in the lymphocytes. 
[rad о 
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Animals susceptible to the mumps virus.—Man dppears to be D 
the natural host for this virus, Cats сап be experimentally , 
infected. The work on rabbits and monkeys is indefinite, . 

* Immunity One attack of the disease confers a definite and у 
in most eases а lifelong immunity to subsequent infection with vt 
this virus. The age incidence of mumps indicates that there is " 
very little, if any, natural immunity to the disease. 

Patkology.— The anatomical changes in thts disease are found 
principally in the salivary glands. There has begn a paucity 
of materjal for the study of pathological lesions in this disease, 
but it is quite generally known that the salivary сада exhibit e 
hyperemia and oedema, ai the walls of the ducts arc swollen 
‘and obstructed. Pyogenic germs may gain entrance aud lead 10 
abscess and suppuration, but this is rare. Other lesions depend | • 
upon various complications of the disease. 

Control measures.—Isolation and disinfection are indicated ` 
as the most efficacious measures for the control of mumps. Lo 
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TRACHOMA: GRANULAR CONJUNCTIVITIS 


Definition Trachoma is a specific, contagious disease, char- . 
acterized by inflammation and hypertrophy of the conjanctjva; 
‘and by fhe formation of granules, with subsequent cicatrigial ¢ * 
changes. It is usually of long duration, occurs at all ages, is 
frequently Complicated, and may lead to partial or total blind- © 
ness. It occurs in three forms; namely, the papillary form, the 
granular formed dhe mixed form, и 

History end distribution—Trachoma has been known since 
ancient times. It has long been endemic in Egypt and ik thought t5." 
to have been carried to Europe by soldiers during the Napo- SIS 
leonic wars. It occurs in Arabia, Belgium, Holland, and Hun- — ' Б 
gary. „It is present in Мају and is found to Ме an imporjant ot 
affection among the American Indians in sections of the United 
States. It is common among the» Russians, Polish Jews, Hun- 
garians, Italians, end Irish. 16 has not been common among the . 
hegroes. 16 the Philippines there is a form of follicular esh- 
juilétivitis which is endemic among sohoot children ip Pay- ¢ 
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gasinan Province. This is probably not true trachoma, but vx- 
+ tensive investigations into the true nature of this affection have 
* not been made, ‘Trachoma seems to have been introduced into 
ge the Netherlands about 1860 and is thought to hav? been carried 
* to Amsterdam by Polish Jews. In a survey made in 1880 it 

e was found that*l5 per cent of 2,723 Jewish children were affected. 
By 1901 through ppriodic examination and control methods this 
percentage had fallen to less than 8 per cent. In China, Japan, 
Egypt, and’ Russia the disease remains a great public-health 


‚ Problóm. , 
The virus of trachoma.—In 1907 Prowazek and IIalberstaed- 
. tert) described inclusion or trachoma bodies in the conjunctival 


epithelium of cases of trachoma, The exact nature of these bo- 
dies remains undetermined. These inclusions consist of caccoid 

and minute granular bodies. The coarser coccoid bodies stain 

%, bluish by the Giemsa method, while the granular forms stain 

| . reddish. Serapings from the conjunctiva injected into the eye 
of the orang-utan produced conjunctivitis associated with the 

_7* appearance of similar inclusion bodies. These bodies were re- 

r garded by these authors as the cause of trachoma. Later the 
, same workers found sjmilar inclusions in cases of uncomplicated 
blennorthoa neonatorum, and their specificity was questioned 

by contemporary investigators, Herzog() suggested the theory 

that the gonococcus is transformed into small forms within the 
ephithelial cells and that the so-called trachoma bodies are 

in xeality changed gonococci. Wiiliams(3) regarded the inclu- 

» sign bodies as degenerated forms of the Koch-Wecks bacilins. 
Prowazek regarded the trachoma bodies as protozoan in nature, 

` while Noguchi{1) jn 1913 claimed to have cultivated these bodies, 
„ although his attempts to induce trachoma in monkeys (Macacus 
Џ and Реріо) with his cultures failed. Тһе vxactyrelation of the 
so-called trachoma bodies to the true etiology of this discase, then, 
has remáined undertermingd. Because of the uniform presence 
of these inclusions in typical uncomplicated cases of the disease 
and the occurrence of similar bodies in various other diseases 
which are thought to be caused by filterable viruses, and, in the 
absence of any ofher definitb etiological agent, the possibility of 

а filterable virus etiology has heen suggested for trachoma. Ac- 
cording to Rosenau,(5) “experimental evidence permits no more 
than the suspicion shat the virus may be filterabic under some 

4 circumstances.” However, fairly convincing evidence Has been 
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presented upon this point in the experiments of Bertarelli and 
Cechetto($) and of Nicolle, Cuénod, and Blaizot.(7) x 
« Heymann() after finding inclusions in cases of gonorrheæal 
plemorrhea monatorum suggested that the so-called inelusien 
bodies were in reality reaction products of the gonococcal virus. , 
Simon(?) states: . 

A thorough study of this question then led to tha interesting discovery 
of the existence of an inclusion biennorrhea as а malady sui generis, which 
primarily affects the genitalia of both male and female arl secondarily 
the eyes of the new born, ‘This јуре of blennorrhea it is now fsnown 
may be associated with а gonococcal infection, as well as with other + 
bacterial infections (pneumocoeg, diphtheria bacilli}, but when this occurs 
the processes are independent of each other, NR 

The discovery of the occurrence of inclusions in connection with blen- 
morrhea of this type naturally threw doubt upon the correctness of Pro- 
wazek's view, that the constituent granules making up the inclusions 
found in trachoma actually represented the trachomatous virus, Various 
suggestions have accordingly been made to account for their appearance 
їп trachoma, ов the one hand, and in inclusion blennorrhea, on the other. 

Linder(10) inoculated two baboons with pure inclusion blen- 
norrheal material and obtained a clinica and histological picture 
which he states cannot be distinguished from trachoma. Wolf- 
rum(1) inoculated similar material into*a human being, and 
there followed the typical picture of trachoma. Simon suggests 
the theory that the inclusion bodies may not be part of the 
picture of trachoma but are found in cases of this disease only 
when both blennorrhea and trachoma are present in the same 
subject. + м 

Та 1927 Noguchi(12) produced an experimental trachomal&e ® 
condition i monkeys with materiai obtained from cases of tra- 
choma from Indians at the government schoól for Indians at 
Albuquerque, New Mexico. From this material hescultivated 
upon special med а Gram-negative bacillus which when injected 
into monkeys produced a granular conjunctivitis that."had an 
appearance strikingly like that of the huinan trachomatous con- 
junctiva in the early stages of the disease.” This organism was 
associated with four of the five cases studied, and the con- 
junctival disease produced is said Му Noguchi to be transrtis- 
sible in series while ‘the identica) microorganism is obtained 
regularly oven in he second and the third passage in monkeys. 
None of theeother organisms isolated by Noguchi from his ma- 
ФЕТЕЛ was capable of inducing follicular Wsioas іп monkeys. , 


* did not producg lesions. within four months. d 
4 42754 "S . . 
D 


Material taken direct from patients and injected into monkeys , 
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This work of Noguchi's represents an jmportant contribution 

to the knowledge of trachoma as it exists in the American In- 

dian but must, of course, await confirmation in other localities. 

“Incubation period of trachoma.—Trachoma із a chronic dis- 
ease. Its incubation period is not definitely known. The re- 
cognition of the disease in its early stages is very difficult, and 
acturate diagnosis usuaily depends upon changes that appear 
later in the course of the disease. In the experimental form 
of tha disease, produced by Noguchi in monkeys, the first changes 
were noted two to four weeks after inoculation with the cultures 
obtained from trachomatous materizi, 

Symptoms.—There are three forms of granular conjunctivitis; 
namely, papillary, granular, and mixed forms, Regardless of 
the form, there are certain subjective symptoms which may 
be present; such as, photophobia, lachrymation, itching and burn- 
ing sensations, feeling of а foreign body, pain, and visual disturb- 
ance. In some cases there may be no subjective symptoms. 
The objective symptoms consist of swelling of the lids, narrow- 
ing of the palpebral ayerture, and dropping of the upper lid. 
‘There may be а mucopurulent discharge and the conjunctiva of 
the tarsus and fornix is reddened, thickened, and uneven, on 
account of the hypertrophy and the occurrence of granules. 
‘Trachoma progresses slowly up to a certain point, then is fol- 
lowed by the cicatricial stage. The papilise and granules disap- 

pear, but the conjunctiva does not return to normal and various 
degrees of scarring remain. The entire surface of, the con- 
junetiva may be replaced by a cicatricial membrane. 

In some cases the condition is acute and is accompanied by 
marked inflammdtory symptoms. Gorococcal infection may be 
associated»with true trachoma; and the diagnosis may be difficult, 
especially early in the course of the disease, ‘im other cases the 
symptorss may be so mild and the disease so insidious that it 
may exist for months without recognition. In fairly severe cases 
there may be intermissions and exacerbations, and relapses are 
quite frequent., The disease is frequently complicated by pannus. 
and cornea] ulceration. The commonest, sequela are trichiasis 
and entropion, ectropion, symblepharon, ‘corneal opacities, sta- 
phyloma of the cornea, and хегоніз. 

"Animals susceptible to the virus of trackoma-eMan is the 
gaturel host fdr the, virus of trachoma. From exporimtntal 
sources it may be said that the evidence,points to the possibility , 
of infecting’ monkeys. ey à 
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Immunity.—That there is a definite racial predisposition 10 
infection with trachoma is borne out by the studies on the epi- * 
demiology of this disease, It may be assumed by the same token 
that there exists some degree of racial immunity and, for that 
matter, an individual natural immunity. There is, however, * 
no experimental evidence bearing upon this point. Immunity 
has not been produced experimentally. e , 

Pathology.—In the papillary form a large number of small 
elevations appear upon the conjunctiva giving a vel 
ance, and if the papillie are lafger, а granular appearsnce.! This ¢ 
form occurs only upon the upper lid. The papille represent 
the hypertrophied conjunctiva thrown into folds and covered 
by increased epithelium. Within there is a cellular infiltration, 
In the granular form there are grayish, rounded, translucent 
bodies or granules which are seen through the conjunctiva. 
These bodies may be small and round, large and warty, or flat- 
tened and succulent. They are principally in the fornix. ‘They 
may also be found upon the semilunar folds and the bulbar 
conjunctiva. ‘These granules represent collections of lymph cor- 
puscles in a connective-tissue reticulum, resembling Peyer's 
patches in the intestines. According to Noguchi the histologic 
changes present in trachoma as it exists in the American Indian 
are as follows: 

Тһе essential features of the lesions in the human disease are (1) diffuse 
infiltration of lymphocytes mingled with plasma cells, extending along the 
entire length of the sub elial or adenoid layer; (2) the presenan of 
fairly wel defined follicles, consisting of layers of lymphocytes, enclosing ¢ 
a mass of large round or polyhedral epithelioid cells with pater stating 
eytoplasm and nueiei; (3) ill defined foci of mingled ly 
large epithelioid cells;, (4) the presence of Lebeer cells wit 
and elsewhere; (5) the’ presence of fine connective tissue fibrils, surrounding 
or penetrating thagrAltfated or follicular areas, and (6) the proliferation 
of the conjunctival epithelium, which in some places shows several layers. 
of flattened cells, and in others is thinned out to a single layer or even 
тарыса by protruding follicles. In oMdér lesions the infiltration and 
follicles have given place to inereased numbers of conncetive tissue fibers, 
which bind the cpidermized conjunctival epithelium to the often deformed 
tarsus. „А few polymorphonuclear leukocytes may be found in the tymid 
epithelial layer, but their presence is nd; usual. — ' 

In the experimental disease píoduced in monkeys Noguchi 
found similar changes. б 

Control measures for trachoma.—"Trachoma раз always bicn 
associated with poverty and squalor, Unhygienie conditibns pre- ‹ 

dispose to the discase.' Early diagnosis of the condition is im- 
portant in огде. tc prevent serious sequel. , The secretion from 
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the eyes of trachoma patients is regarded as contagious, and 
"the disease may be transmitted by infected handkerchiefs, 
> towels, washbasins, ete. Isolation of trachoma eases has been” 
> 7 advocated, especially during epidemics. In general, carly diag- 
' nosis of the disease coupled with intelligent care and the insti- 
* tution of strict sanitary measures are indicated. 
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INCLUSION BLENNORRHGEA: INCLUSION CONJUNCTIVITIS 


> Following the work of Heymann in 1909 (sce Trachoma) who 

found in several cases of gonorrhæal blennorrhæa neonatorum 

inclusions similar to those that had been described in trachoma 

by Prowazek, it appeared that there existed a separate and 

^ — distinct type of blennorrhea not associated with gonorrhea 

or trachoma. This type of blennorrhea primarily affects the 

genitalia of both male and female and secdndzrily the eyes of 

the new born. While this condition may exist along with a 

' . > gonorrhwal or other bacterial infection, it is now recognized 

j that the processes are independent of each oth The cause 

of this (orm of blennorrhea is unknown. Inclusion bodies are 

. found within the lesions which suggests a filterable virus ori- 
gin for the disease. 4 , 

Inflammations of the conjuAetiva are of several varieties and 

generally are divided into the following ‘types: Catarrüal 

(atute, chrouie, ard follicular); purulent (ophthaimia ngo- 

? natorund, and gonorrhteal); membranous (nondiphtheritig of 

.. ” eroupous, and diphtheritic) ; granular (trachoma: ind phlycten- ' 
ular, ТЕ ie well recognized by v xD there are 
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cases of ophthalmia neonatorum which are not caused by gono- 
,Coccal infection, and these are believed to be due to infection 
with simple „catarrhal (mongonorrheml) secretion. In 1913 
Cohen? reported on the clinical course of conjunctival affec- 
tions associated with so-called trachoma bodies which was a 
further study of the cases described іп ап earlier paper by 
Noguchi and Cohen(2) published in 1911. “Тһе original сес 
studied by these authors included nine cases of traghoma repre- 
sented by four stages of the, disease, six cases of blenngrrhca 
neonatorum nongonorrhoica, and six cases of blennorfhea gonor- 
rhoica in young girls. Аң a result of these cases there were 
a number of other cases infected. There were.ninoteen new 
cases of trachoma, two new cases of blennorrhma neonatorim 

(nongonorrhoica), and twenty cases of blennorrheea gonorrhoica 
in young girls, Inclusion bodies were found in the six cases 
of blennorrhea neonatorum nongonorrhoica varying from four 
days to two weeks affer birth. Cohen states that— 

The clinical course of these cases resembles that of mild cascs of blen- 
morrhes gonorthoica, which in its earliest etage is characterized by а 
И congestion with п mucoid sceretion from the cbnjunc- 
tiva. lion remains for about one wak, when the conjunctiva 
assumes а fine papillary appearance, and а few smail follicles ure seen on 
the upper fold as well as on the lower. This appearance lasts about two 
months, when the process regresses simultaneously with the gradual dis- 
appearance of the bodies and is followed by a permanent return of the 
conjunctiva ta normai in from three to four months. 

In ong of Cohen's cases, so-called trachoma bodies were found 
in an affected eye from the mother and these were demonstrifled 
at intervals for three months. In his study of thirty cases of 
blennorrhea gonorrhoica in young girls at’ Randall's Island 
Hospital, Cohen vae able to demonstrate gonocotti and so- 
called trachoma bodies іп practically every case. These bodies 
persisted even after the gonococei could no longer he found. 
Likewise in his true trachoma cases Cohen found inclusion 
bodies, 

"phe interesting feature of this study is the fact that inclusion. 
bodies'are found in cases of blemgrrhoa which are of neither 
trachomatous nor gonorrheal origin. These cases are not tra- 
choma since theyebear no clinical resemblance to trachoma and 
because there is spontaneous cure without sequehe. In Coherf's 
epthiom “where bodies were found in qonjunbtion with gono- 
соса, and in some casos of typical trachoma, these conditions 
are to be interfreged де the result of the disease caüsed by these 


bodies becomag engrafted on the original affections.” Cehen 
oft wee 
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believes that the term “trachoma bodies" is a misnomer aid 
` should be discarded. 
While there is nothing known regarding the etiology of this’ 
echdition there has been a tendency to classify melusion blen- 
» norrhüa with the filterable virus diseases, At present there 
is no experimefital evidence that it is caused by a filterable virus. 
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VERRUCE: М 


? 7 Vence (Preven); Wanze (GERMAN) 

Difaition.—Verrucm, or warts, represent an epidemic, pap- 
ilary new growth of which there are three recognized types; 
namely, verruca vulgaris, verruca plana juvenilis, and verruca 
seni 

History.—Warts have been recognized since olden times, and 
legends and superstitiops have been connected with their ap- 
pearznce for perhaps centuries. Even to this day there are 
ceftain peoples who ure prone to regard these lesions with va- 
rious superstitions, Тһе infectious nature of these growths was 
demonstrated in 1891 when Payne(1) developed warts under 
his thumb nail following the removal of warts from one of his 
patients, Lanz?) reported similar results in 1898. In 1889 
Kudneman (3) cultivated а bacillus from warts and claimed to 
have reproduced typical lesions in laboratory animals. Variot(4) 
four years later produced warts in one of his assistants following 
the inoculation of blood from small warts. During the next 
year Jadessohn(3) made seventy-four ingculations with wart 
material from which he obtained thirty-one pisitive results and 
demonstrated that the lesions he prodaced were typical verruca 
according to their histologic picture. In these experiments this 
author demonstrated that the incubation period for warts ranges 
from seven weeks to three months, In 1919 Wile and Kingery (0) 
reported their brilliant exgeriments which proved conclusively 
that warts are duc to a fille ble virus. 

The virus of verruca—Wile and Kingery began their ex- 
pgriments on the theory that the infectious agent, of warts is 
a filtesable virus.» In their /first paper they point qut «that 


" 
deriain microórganisms are known to give rise to disorders of 


— *—xeratinization. Examples of this fact, such ақ the гдје of the’, 


gopococeus, іп the» рше о оғ blenngirhrigic \keratoses, the > 
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tubercle bacillus in verruca necrogenica, and the gonococcus in 
the production of condyloma acuminatum, are mentioned. 
e Their experiments consisted of the removal of clinical warts 
and grinding this tissue in a small amount of saline after which 
the saline emulsion was filtered through the finest Berkefeld 
filter, In order to obtain the maximum amount of material 
for their experiments the filter candle was almost entirely covered 
with melted paraffin leaving only the top end exposed as 4, fil- 
tering surface. After testing their filtrate for sity foal 
amounts ‘of filtrate were inotulated intradermally jato |; uman 
subjects. Part of their material was preserved in gh cerin 
io be tested later. In thé course of about four wegks здай 
wartlike growths appeared in one subject, while a second shov.ed 
lesions one week later, and a third about three weeks later. in 
only one case did a wart reach the size of a large pea. This 
occurred in about eight weeks. In some cases there was a ten- 
dency to spontaneous resolution; however, in most cases the 
lesions persisted for at least seven months. Тһе histologic 
studies made upon these new growths were typical of true warts. 
A contro} which received a filtrate prepared with normal epi- 
thelium remained negative. In later expariments the preserved 
material in glycerin was tested іп a similar manner, but results 
with this material were negative after nearly six month: 
These authors concluded that “the sterile filtrate of wart ma- 
terial injected intracutaneously is capable of producing localized 
hyperkeratoses which are clinically and pathologically identical 
with уейсиса vulgaris.” " 
In 1921 this work was further extended by Kingery(?) when 
he demonstrated that lesions could be produced in the second 
generation from tife initial lesions described above, In these 
experiments the incubation period was found to be nearly six 
months. There are no data on the properties of the virus of 
verrucg. P 
Symptons.—The lesions of warts are unaccompanied by sub- 
jective symptoms. When they first begin to appear they are 
small, flat, shiny areas which increase slowly ‘in size. Later 
the growth may present а distincl/papiliary Surface. At first 
it is the color of the skin, then gradually becomes grayish and 
ven grayish black, As а rule there is no pain or ilching ey- 
cept, when ihflammation is present. nos ‘ 
= fnmatuity—There are по data'on imrzunity in this form of 
;new'growth. While no experimental evidence is available on 
'. f the subject, i fs успегаћу assumed that there is a natural im- 
HR : ae ‹ . 
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munity to the virus which varies greatly in degree, ‘This js 
indicated by the variable period of incubation and the fact that 
most individuals rarely become infected with this virus. ; 

Pathology.—Histologicaliy warts are characterised by a typi- 
са! localized acanthosis. The growths begin as an carly hyper- 
keratosis which! gradually becomes more marked. In the late 
stages there is a proliferation of the papillary tufts which later 
thichen and dip down. In gencral all the layers of the epider- 
mis Хе moře or less increased in thickness, The granular 
Јаусгуј. inereased, the rete cells are enlarged, and the inter- 
сећи: spaces are widened. In some cases there is moderate in- 
#ап-Жаййоп, and round-cell exudate ig found in the neighborhood 
of fhe vessels. АП of these changes vary according to the type 
of growth. 

Control measures—None are indicated. These growths are 
benign. Rarcly do they become epitheliomatous. 
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MOLLUSCUM CONTAGIOSU: EPITHELIOMA 

MOLLUSCUL SERACHUM; DIOLLUSCUM LPITHELIALEg ‘ACNE VARIOLIFORMIS 

Definition. —Molluscum contagiosum is regarded as a conta- 
gious epithelial neoplasm, or new growth, which is characterized 
by small tumors the size of pin-heads or peas, usually the color 
of normal skin but at times pinkish or bright red, with a small 
depressed central opening. "These new growths are believed to 
be caused by а filterable yu , d 

History—The term “molldscum,” or "molluscis," is thought 
10 have been first employed by Ludwig(1) in 1739 аз а synonym 
{бә “mollis” to indicate certain soft tumors, while others believe 


a» that the word was дзей Һесазбе of the resemblance of certuir 


cutaneous tumors to knots on the bark of the maple. The Жүзі, 


^ inica) description of this disease was given byBateman(2) in 


, 2 LE 
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1817, while Paterson?) in 1841 studied the secretion from 
molluscum tumors and called attention to the so-called mollus-* 
cum corpuscles or bodies. This author believed that these bo- 
dics represented nuclei. In 1844 these growths were regarded * 
by Engel(4) as enlarged sebaceous glands, a view which was" 
concurred in by Rokitansky(5) in 1856. Virchow(6) in 1865 
regarded moliuscum tumors as a lobulated giendular epitheligéna. 
Не believed that the molluscum bodies arose from the haje fol- 
licles ang likened their appearance to swollen starch bods and 


fatlike globules, although hé thought they were probaf}y the ¢ 


result of a degencralive process involving the epitheli In 


later years Bizzozero and Manfredit?) contended, that thes 
culiar bodies originated from the protoplasm of the cell; 
zius(8) affirmed that they were sui generis, that their size pre- 

cluded the idea that they could be spores or parasites; Boeck (9) 

stated that the bodies arose from peculiar epidermal cells, a 

metamorphosis of the rete cells, and that according to his chem- 

ical tests these cells contained no fat and were not amyloid; 

Lukumsky(0) suggested that the bodies came from cells which 

had invaded the epidermis. In 1878 Vidal!) advanced the 

idea that the molluseum bodies were the product of сойой 

degeneration. 

Angelucciti2) in 1881 deseribed a bacterium, Bacterium lepo- 
genum, аз the cause of molluscum contagiosum, while Neis- 
ser(13) the following year claimed that the specific cause of 
the disease was a gregarine. In 1886 this author again stated 
his belief in the parasitic origin of the disease and stated that ‘ 
the molluscum bodies were in reality coceidia and related to 
the Sporozoa. Graham(4) in 1892 described a micrococcus as 
the cause of the disease, while the following year Neisser 
again confirmed “his coccidiat theory of the origin of the tumors. 
In 1902 White and Robey (15) rceapitulated the trend of thought 
‘on th. nature and cause of this disease. They pointed out that 
there are those who believe in the sebaccous origin of the tu- 
mors and also these who contend that the tumors originate in 
the rete. Further, that some authors believed in the centa- 
giousness of the disease, while otpêrs were equally certain that 
it was noncontagious; that one school of thought considered the 
molluscum bodied as evidence of epithelial degeneration, while 
othars considered these peculii" bodies ns parasites, These 
‘authors isolated a staphylococcut from“molluscum tumors Iut“ 
did not consider it of, any etiological significance. They e:r 
cluded by apr that until that time they considered that 
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по one had isolated any parasitic body from the growth and thst 
«іп their opinion the changes produced did not represent a col- 
» loid of hyaline degeneration but rather а metamorphosis of rete 

cells into keratin, "E 
^ $ `7 In 09 Knowles(26) found what was apparently Micro- 
coccus salivarius іп а few cases of the disease but did not claim 
any etiological rôle for this organism. It was not until 1919 
(neXly one hundred years after the disease was first described) 
that Ye epical work of Wile and Kingery (17) on the etiology of 
is qifease, appeared. Accordingsto these authors the disease 
а filterable virus. Juliusberg(18) had suggested this 
Ју in 1905, but tho evidence"he presented did not sub 
iate his claims. In 1923 Clarke(19) described а parasite 
grawn from moliuscum lesions which he named Plossomyza 
contagiosa and which he believes to be the cause of this disease, 
si The virus of molluscum contagiosum,—Wile and Kingery not 
only demonstrated that the virus of molluscum contagiosum is 
filterable but also succeeded in producing experimentally ia hu- 
man beings typical tumors with the sterile filtrate of typical 
d lesions. These authors? further showed that the incubation 
' a Period of the disease varies with the individual's predisposition 
or susceptibility; in one case it was found to be fourteen days 
while in another it was twenty-five days, and the microscopical 
diagnosis was made at the fifty-fifth day, These authors 
believe that the molluscum body develops late in the stage of 
evolytion of the tumor and further that it represents a degene- 

» rative stage in this evolution. В 

Зутрюте.— The tumors of molluscum contagiosum аге quite 
» Solid and contain a cheesy material which can be pressed out 
of the growth through the central opening. » In some cases the 
* ' отог masî extrudes this material spontaneously. Usually the 
lesions of molluscum are found on the face, around the eyelids, 
* er in the neighborhood of the genitalia, or elsewhere on the 
body. They rarely occur on the solos of the feet or the^palms 
of the hands. Usually there are only few lesions, a few or 
a dozen or more, though in some cases they may be very nu- 
merous. They ave diserete but in some cases several tumors 
may coalesce. They may besome inflamed, or suppurate, In 
some cases there may be severe itching but thjs is not common. 
‘Tre lesions may persist for у months or even years in 


+ Tare cases, While the lesion are usually limited to the 4% 
there have been cases reportid in which lesions have oceutred , 


upon the tongue and other mucous membranes., The infection is |, 
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more frequent in children than in adults and may be transmitted 
by infected towels or gymnasium mats, cte. It is known to bee 
transmitted directly from person to person in some instances. . 
Animals зивсерНЫе to the virus of molluscum contagios 
The disease is primarily a disease of man but a similar (lis 
has been described in animals, especially in domestic fowls such 
as the pigeon. In a few cases the disease is known to have 
been transmitted from animals to human’ beings Er and 


several times. That there is a natural immanity to the dye 2 
is indicated in the work of Wile and Kingery, Who'"pointYout 

that there is a difference in the predisposition or susceptibiviy — * | 
of the individual. From the experimental standpoint no conclu- 

sive data are available, “ 

Pathology.—The tumors of molluscum contagiosum are essen- дел мед 
tially epithelial neoplasms. They are surrounded by a thin 
fibrous capsule and contain lobules of epithelial cells which are ‘x 
separated by thin septa and open upor the surface of the skin 
throngh a depressed central opening. Jt has become a gen- $ 
erally accepted view that tho tumors arise from the rete since ^ 
the cells on the periphery of the lobules arc of the type found 
in the basal layer of the rete, The central oval cells contain 
the so-called molluscum bodies which are regarded by Wile and 4 
Kingery as а degenerative stage in the evolution of the tumor. 

Lipschiz has called a minute organism found in the epithelial, * 

celis Strongyloplasma hominis which conforms to a general 
classification of peculiar bodies described by this author (sec 17 
Introduction). According to modern textbook deseription three 

kinds of degenerated cells may be observed in tHese lesions. |" « ‹ 
First there are large round bodies which contain an eccentrically V 

placed nucleus; then there are oval cells surrounded by normal 600 02 
epithelium which contain a nucleus lying at one pole of the — 57. 
сей; and finally completely degenerated cells which are oval, 
structureless bodies, The exact nature of the degenerative pro- ‘ 
cess is still unknown, . 

Prevention.—The disease is m— trivia] and is of 
no great importance either to the individual or to the community. 
While personal hygiene, discouragement of the use of the cem- id 
non towel, etc., are indicated, tht chicf eTdrt should be directed , 

{ to the proper treatment of the disease in order to eliminate 
* carriers of the infection. 
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ILLUSTRATIONS 
Pram 5 
Varicella. (After Hartzell.) 
- Prats 6 
‘Tlerngs zoster arsenicalislichen planes. Patient had a lichen planis shown 
оп the flexor surface of the wrist, for which he had been taking 
Fowler's solution. (After Hartzell.) 
М Prats 7 E 
Fic. 1. Measles. (From Hartzell; alter Pfaundler and Schlossman.) 
2. Granulated conjunctive in trachoma. (After May.) 
3. Verruce digitate. (From Hartzell.) 
DI 


Рю. 1. Verruea plapa juvenilis, (After Ormsby.) 
‘A Molluscum contagiosum. (After Ormsby.) 


CHAPTER ТУ 


а А 
у +. 
FILTERABLE VIRUS DISEASES ОР MAN AND mr М т 
{CONTINUED) $ ^ 
RABIES: HYDROPHODIA 1 


Canine MADNESS; WUTKRAXEHEIT, Толмст (Ceasar); LA ВАСЕ € 
(Ғаячсч); RABBIA (ITALIAN) 

Definition Rabies is an acate, rapidly fatal infection of the 
central nervous system. It is highly specific and а disease 
primarily of animals. It is transmitted directly from wẹ, 7 
animal to another, usually through a wound produced by biting E 
It is most prevalent among Carnivora but is infectious for 
nearly all Mammalia. Rubies is communicated to man from 
lower animals by means of infectious saliva introduced into the 
tissues through а biting wound or through small abrasions in 
the skin of the host. The disease in man is most commonly . 
transmitted by dogs. 

History—Although the actual virus of rabies has not been 
demonstrated in the saliva of infected dogs, it was demonstrated 
by Zinke as carly as 1804 that the saliva of rabid dogs is in- 
fectious. Seventy-five years clapsed after this discovery hefore 
Galtier: was able to show that the disease could be transmit, — - 
ted to rabbits through artificial inoculation (1879). In 1881, 
Paateur(2) with Chamberland and Roux found that the virus 
has a special affinity for the central nervous system. The work 
that followed this discovery by Pasteur and his tollaborators 
from 1881 to 1888 will remain forever a classical achievement in 
the science of modern medicine. During these years the method 
of immunization now in general use through the world was 
perfected by Pasteur, Roux, Chamberland, and Thuillier.(3) 
The story of this magnificent contribution to inedical science is 
beautifully portrayed in mosaic їп the tomb of Pasteur at 
the Institute Pasteur which stands as a monument to his bril- 
liant work. It was not until 1903 that Renlinger(4) demon- \ 


strated tht filterability of the rabies virus. This wes confined 
, іш 1964 Бу Berterelli and Volpino(s) and, lafer in Җиз in the 
96 D 
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2 United States by Poor and Steinhardt.(6) Мешгі,7) an Italian 
“of Pavia, Italy, described in 1908 bodies found in the cells of А 
thg central nervous system. These bodies, which now bear his 
„name, are found especially in the large ganglion cells of the 
“hippocampus major and in the Purkinje celis. Negri's work 
has been amply confirmed by Уаїріпо,(8) Da Mato,(9) Berte- 
rellt, (10) Boca, (11) ЈРоог,(12) and other investigators. In 1913 
Noguchi repprted the cultivation of Negri bodies, but his work 
has not beep confirmed. А 

1 Distribution of the disease——Rabies exists practically ай over 
the world. It is commonest in Franes, Belgium, Russia, certain 
parts of the United States, and in the Philippine Islands. It 
is said never to have been present in Australia, and for more than 
ftir years has not been known in Denmark, Sweden, and Nor- 
way. Rabies was eradicated from England until the World War 
^ — and then reappeared. It is said to have been reintroduced by 

dogs carried in aéroplanes. One of the largest rabies clinics 
known to the author із in the Philippine Islands, where there із 
а daily clinic at the Bureau of Science of about sixty patients 
reporting for immunization. 

Incubation period—There is no disease in which the incu- 
bation period varies more markedly. The usual poriod of incu- 
bation is from two to eight wéeks, although cases are on record 
in which symptoms did not develop until two years had elapsed. 
Various explanations have been advanced to explain the latency 

* „£ tHe virus in the tissues, The most plausable theory perhaps 

" is the time required for the virus to travel up the axis cylinder 

of the nerve trunk to the centra nervous system. ҒауогаМе 
conditions may not exist for the muitiplicatjon of the virus at 

>` һе time o3 infection and the virus remains dormant though 
alive, swaiting optimum environment, Though purely theo- 

*, retical this concept has its adherents. Тһе incubation period in 

> animals varies also, with the amount and the virulence df the 
virus, with the extent and type of the wound, and particularly 

with the location of the wound in relation to its nerve 
supply. The average incubation period їг various animals is 
usually given as follows: Man, thirteen to sixty days; dogs, ten 

to forty days; cows, twenty-eight to fifty-six, days; goats and, 
sheep, twenty to twenty-eight days; pigs, tèn to Xwenty-one ` 

„ days. For birds the inpubation period varies from fourteer? to» 


forty deys. > 
x anm * у 
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Symtoms of the disease —Gencrally speaking, in dogs the first 
symptoms of the disease appear two to eight weeks after the 
wound. During the first stage of the disease (stadium рго- 
dromorum or melancholicum) there may be so little manifesta- 
tion of symptoms that the condition js entirely unsuspected. Тһе“ 
infected animal may be somewhat irritable aná depressed, ca- 
pricious, or may avoid all noise and activity and hide away in 
some dark place, On the other hand the animal may appear 
mildly excited, moving from one place to another, scratch with 
the fore feet, and without cause bark and bite at the air. 
Strange persons provoke growling and snapping, and slight sti- 
muli often cause the animal to become startled or jump up 
frightened. Опе may observe during these paroxysms dilation 
of the pupils and slight respiratory disturbances. About this 
time the animal loses his appetite and later refuses all food? 
Difficulty in swallowing is quite characteristic, and although the 
animal seeks water Не is able to swallow very little of it. By 
this time salivation becomes manifest and increases. Sexual de- 
sire is increased, and licking of the genitals is quite common. 
Within one to three days after onset of symptoms the znimal 
passes into the excitable stage (stadium excitationis ог астез), 
The animal wants freedom, to be away from his usual surround- 
ings. He will ick the ground, chew any object, and develop 
a violent rage. Once loose the animal runs aimlessly, often 
covering long distances and attacking people and anímals along 
the way. The eyes are bloodshot, When fighting with ocher 
animals the infected dog remains quiet though the normal 
animal howls and barks. Infected dogs when caged remain 
quiet but develop a violent rage when teased. Frequently their 
teeth are broken in grabbing the bars of the cage nnd attack- 
ing objects with which they are teased. Such animals have 
been known to bite а red-hot iron or burning coal. Stages of 
exhaustion follow such attacks, and the animal falls down jn 
unconsciousness for indefinite periods. About this time the 
early symptoms of paralysis appear. The larynx may first be- 
come -paralyzed as evidenced by the peculiar hoarse bark. 
Swallowing becomes Very difficult as the inflammation increases, 
and later there is degeneration of the eleventh and the twelfth 
pair of nerves, ‘The animal refuses ail food and drink and the 
sight of water may provoke an attack, hen.e the ierm hy- 

, drophobia, Circus movements have been Loted in thie stage, 
The paralysis graduailv progresses and involves other parts of 
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thé body. The jaw muscles become paralyzed, the tongue 
hangs out, and saliva flows from the mouth in copious quantities, 
‘The eyes are dull and the pupils dilated, and the face has a 
peculiar cunning and tronbled expression. Gradually as the 
paralysis spreads the animal becomes emaciated, the exhaustion 
increases, and the patient dies in convulsions. During the ex- 
citable stage the temperature rises one to three degrees, but later 
during the paralytic stage the temperature is usually below 
normal. The pulse is rapid according to Blaine.(13) Courmont 
and Lesieur(i4) found that the polymorphonuclcar leucocytes 
are gradually increased in, the blood to the end of the disease. 
Mocard(15) states that the urine usually contains sugzr. 

While this description of the course of the disease in dogs 
may often be somewhat modified, the same course with slight 
modifications is seen in other infected animals; such as, cats, 
horses, cattle, sheep, goats, and swine. The disease has a 
course of from four to seven days but may last from eleven 
to thirteen days or in exceptional cases even longer. Artif- 
cially infected dogs have been known fo recover from the dis- 
ease, but generally speaking with few exceptions the disease 
is fatal (Pasteur). Cases where dogs "were still alive after 
persons bitten by them had aiready died from rabies have been 
reported by Talko and Johne.(26) Of the untreated persons 
bitten by rabid dogs, about 16 to 20 per cent die of rabies. Ас- 
cording to Ваһев(17) 60 to 90 per cent die after bites of wolves. 
In human beings the symptoms of rabies are characterized irst 
by depression, itching in and around the wound, and feter. 
Soon the patient becomes uneasy, respiratory irregularities dc- 
velop, swallowing becomes difficult, and беге із a distinct aver- 
sion for all liquids.’ Salivation becomes increased, and with the 
increased reflex excitabilily that develops attacks of delirium 
appear, Finally paralysis begins to appear, first involving the 
musclts of the face, eyes, and tongue; gradually involving the 
trunk and limbs. 

Animals susceptible to rabies АЈ mammals аге susceptible, 
Birds have been known to contract the disease. Rabies is com- 
mon in dogs, wolves, jackals, foxes, and hyenas. According to 
Rosenau(I8) the disease is comparatively rare in cats and 
‘skunks. The author, however, has seen in Texas an epidemic 
Of-rabies in cats which was rather extensi The discase 


, is considered to be mech less frequent in cattle, horses, swine, 
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goats, and sheep, but it does occur with symptoms quite similar 
to those found in the dog. Rabies can be transmitted to guinea 
pigs and rats, Infected birds not infrequently recover, but Ву 
those in which the disease із fatal only two or thzce days elapse 
between the first symptoms and the development of paralysis 
and death. » 

The virus of rabies-—That the filterability of the virus of 
rabies is beyond question has been amply demonstrated by Rem- 
blinger and confirmed by Berferelli and Volpino, by Poor and 
Steinhard®, and by others, The virus may appear inthe saliva 
five days before the animal shows symptoms and has been dem- 
onstrated ín the saliva of recoveréd dogs twenty days later. 
The virus is Yound in the {саг glands, adrenals, pancreas, sper- 
matic fluid, vitreous humor, urine, lymph, milk, spinal fluid, 
ventricular fluids, and occasionally in the blood. It is distrib- 
uted throughout the centrai nervous system and in the pe- 
ripheral nerves supplying affected parts of the body. 

The virus of rabies is supposed to have been cultivated by 
Noguchi in 1913.019) Noguchi placed small pieces of brain 
tissve from rabid animals with pieces of kidney of healthy rab- 
bits into ascitic fluid. After incubation at 27: С. and after 
several generations, he found minute pleomorphic bodies which 
stained red with Giemsa's method. Inoculation of this ma- 
terial into susceptible rabbits produced typical rabies. These 
experiments have not been confirmed by other investigators. 
Veipius,(20) as well as Krous,(21) has observed similar bodies 
in,sterile ascitic fluid and concludes that they are identica) with 
lipoid droplets. The experiments of Pfeiler and Klump,(22) 
who described tbe cultivation of rabies virus in peptone con- 
taining Martin's broth, have not been confirmed. 

Resistance of the virus.—The viros in nerve tissue, when pro- 
tected from light and dried at 20 to 22° C. dies in from five to 
eight days. It is destroyed by sunlight in about forty hours 
when exposed on glass slides in thin layers. It is quite re- 
sistant to putrefaction. Glycerin preserves (ће virus. The 
vivus is resistant to freezing but is destroyed when exposed to 
60° С. for one-half hour. Five per cent phenol destroys the 
virus in about seven days, though it resists 0.5 per cent phenol. 

-Qumming(29) bas shown that the virus is <lestroyed in about 
three hours by various aldehyde compounds. ° The ултра ің, de- 
stroyed by 0.08 par tent formaldehyde within two hours, and 
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by а 1:1000 solution of bichloride of mercury ог iodine within 
one hour. , 

Pathology (cell inclusions; Negri bodies) —At autopsy, in car- 
nivorous animals, the stomach may be found contracted aud 
empty, or filled with foreign substances; such as, straw, hay 
sand, pieces of wood, stones, bones, hair, leather, and feathers. 
The mucous membrane of the stomach із congested and the тшше 
show hemorrhages and erosions. Foreign Lodies may also be 
found in the œsophagus or the intestines. There алау also be 
present 4 catarrhal inflammation of the respiratery organs, 
hyperamia of the salivary glands, the liver, the spleen, and the 
kidneys, and an edematous inflammation of the meninges and 
of the gray matter of the brain. Schaffer(24) recently studied 
the changes in the central nervous system in six cases of hy- 
drophobia in man. He found cellular infiltration with either 
capillary or large hemorrhages in the segment of the spinal 
cord where the nerves coming from the place of infection enter, 
in the perivascular lymph spaces, in the walls of the vessels 
of the gray matter of the anterior horn, in the vicinity of the 
central canal, and also along the conaective-tissue trabeculae 
of the white substance. In the nerve cells he found fibrillation, 
hyaline and vacuolar degeneration, granular disintegration, and 
pigmentation atrophy of the cellular bodies, In the medulla, 
below the floor of the fourth ventricle and around the origin 
of the twelfth, the tenth, and the seventh pair of nerves, 
there were found hyperemia, perivascular cell infiltration, and 
small hamorrhages. The nerve cells showed signs of degener- ‹ 
ation. Slight hyperemia and cellular infiltration were found 
in the brain. Csokor and Dexier(25) attach great importance 
to small foci of inflammation in the brain and to the perivascular 
cellular infiltration, but Trolldenier found that these lesions are 
absent ‘in about 60 per cent of cases and that they may also 
Бе found in the nervous system of dogs suffering from dis- 
temper. Elsenberg and Kossjokow have demonstrated cellular 
infiltration of the interacinovs connective tissue as well as 
granular fatty degeneration of the glandular cells of the sal- 
ivary glands. ~ 

The most‘ constant finding in the central nervous system is 
the presence of Negri bodies. Negri described these bodies in 
1903 as small, round, oval, or three-cornered jnclusions, meds- 
uring about 1 to 27 microns in length atid 1.5 to 5 microns i3 < 
; width. These bodies contain in their interior very small, re- 
“fractile, and sharoly outlined granules, Volpino(26) described 
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these bodies’ аз consisting of a hyaline ground substance ji 
which somctimes very small marginal, and, at other times, 
larger central formations seem to be embedded, which contain 
very fine ring» rod-, ог dumb-bell-shaped inclosurgs. 

Stained by the Giemsa method these bodics Are light blue 
in contrast to,the darker and more violet cell bodies. Other 
methods of staining are according to the methods of Mann, Van 
Gieson, and a modification of the latter's method by Williams 
and Lowdep.(2?) By the Mann method the nerve cells are 
stained pale blue and in their cytoplasm the small ока! bodies 
are found stained deep pink. Sections of tissue after fixation* 
are, according to the Mann method, stained for from twelve 
to twenty-four hours in a solution prepared as follows: 

Cubic сені 


> 


өөө. 


Methylene blue (Grübler 00), 1 per cent 35 

Eosin (Grübler BA), 1 рег cent 35 

Distilled water 100 
Differentiation is then made in: 

Absolute aleohol 30 

Sodium hydrate, 1 per cent in absolute alcohol 5 


А rapid method for demonstrating Negri bodies in smears of 
brain tissue is very convenient for diagnosis, Van Gieson (28) 
recommends the following procedure: A pinhead-sized piece of 
tissue taken from the hippocampus major is placed upon a clean 
glass slide. A second slide is placed over the first and the two 
pressed firmly together until the tissue is flattened out into a 
thin layer. The two slides ага then drawn apart in В sliding 
motion which farther distributes and thins out the material 
into very thin smears. After fixation in methyl alcohol the 
smears may be stained by the Giemsa method or by the method 
recommended by Van Gieson as follows: 

Distilied water, cubic centimeters 
Saturated wleoholic solution of rosanilin violet, drops 
Saturated aqueous solution of methylene blue, drop 

This method demonstrates the inner structure of the Negri 
bodies besides giving excellent contrast. 

Тһе assumption that Negri bodies represent producta of 
degeneration seems to be in error when one considers their com- 
plented structure and the fact that they аге-ересійе for rabies: 


--5 


a + Fixation of è “small ieee of tissue usually taken from the tenia? ct 
the hipybesmpus major (cornu ommonis) is carried out in Zenker's oid , 
for about twelve hours prior to dehydration ard,embpdčing im parafin. 7, 
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However, there is just doubt as to their parasitic nacure. Negri 
bodies are generally lacking in the initial stages of the disease 
and in animals infected experimentally with fixed virus, 16 із ^ 
‘possible, however, that the virus consists of extremely minute 
bodies of this nature which are invisible ordinarily and only , 
develop within the central nervous system of infected animals. 

In 1906 Williams and Lowden(29) described certain cyclic 
changes in Negri bodies and concluded that they were a type of 
sporozoa and the actual cause of the disease. These authors 
suggested the name Neurocytes hydrophobiæ for these struc- 
tures. During the same year Calkins(20) supported these con- ‹ 
clusions, This concept war, further substantiated by Kelser(31) 
in his work published in 1924. RA 

NegriG2) has described a stage in the evolution of these 
bodies where the formations contain a nucleus of homogeneous 
substance which breaks up into very minute chromatin gra- 
nul In this way small corpuscles are formed which later 
grow into new independent bodies. Koch and Rissling(33) and 
Babes(34) have described coccilike formations about 1 micron 
in size surrounded by a light capsule in sections of the cornu 
ammonis and in the degenerated ganglion cells. These findings 
lend weight to Negri's concept. Prowazek(36) considers the 
capsulated smail formations as protozoans and classifies them 
with his group "Chlamydozoa," The true nature and signifi- 
cance of these bodies will await further experimentation, though 
the protozoan theory is apparently gaining more and more 
ground аҙ new facts are being brought to light. 

Immunity—That there is a certain degree of natural ifn- 
munity to rabies in some animals is well known. Even in 
markedly визсер Бе animals such as the dog there has appeared 
some evidence of натипИу. It is а well-recognized fact that 
once symptoms of the disease have developed it is impossible by 
treatment to alter the fatal course of the disease. Yet 
Galtier(6) observed intermittent rabies in two dogs, and 
Lignieres(37) in one dog. After the first attack a marked im- 
provement followed, in thirty-six, twenty-seven, and twenty- 
eight days, respectively; however, an aggravation with fatal 
termination resulted. Recovery of dogs from rabies has already 
been noted. There also seems to exist some degree of immunity 
in man against the virus of rabies as evidenced by the fact that 
of а: persons bitten by rabid dogs, only 1620 20 per cent of caseg 
тоб receiving any protective treatment die of the disease, ( 
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О | Та general; however, considering the susceptible forms of 
* life it may be said that comparatively little immunity exis! 
and protective immunization in inoculated cases, whether man or 

animals, is highly important, 


ew York Department ој Health. 


" STABLE 4,—The trentment of rabies at the 
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According to Horowitz-Wiassowa(S) the scrum of rabies 
*, infected or immunized rabbits gives fixation with the rabies 
> viros (fixed as well as street). Fixation was not obtained with 
the serum of persons subjected to preventive treatment against 
rabies. Kraus end Michalka(39) suggest the use of boiled an- 
tigens (Koktoantigens) in tests in cases ,of suspected rabies. 
The same authors(40) find that the complement-fixation re- 
* action, using both Koktoentigen and glycerol extract of the brain | 
of rabbits infected with rabies, together with immune serums, 
„is ав specilic as it has byen with other filterable viruses reported > 

E by Krave, Takaki, and others. According to Nedrigailoff dnd , 
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Sawtschenko(1D) the serums of men and animals that die of ra- 
bies give a specific reaction with an antigen prepared from the, 
, salivary glands of a rabid animal. 

‘Artificial jmmunization can be carried out according to sev- 
eral methods, details of which can be found in standard texts 
on hygiene and bacteriology. Those that have been used аге 
as foliows: 

1. Protective vaccination with dried substancë of spinal cord. Pas- 
teur's method. ] 


2. Protective vaccination with diluted virus. Hügyes's method. 
3. vactination with desiecated-at-low-temperature virus. 


'a method. 
Protective vaccination with dialyzed virus. Cuming'e method. 
Protective vaccination by intravenous injection of ‘cerebral substance 
(for animals). Galtier’s method. (Considered unsatisfactory.) 
6. Serum immuniz: and vaccination, Babes and Lepp's method. 
4. Protective vaccinalion with phenol-glycerinized virus. Umeno and 
Doi's method. 

Of all the methods of protective vaccination mentioned above 
the Pasteur method is still in most genera! use throughout the 
world. There are many modifications of this method, but the 
fundamentals rest upon the original Pasteur method. It iş im- 
possible to compare results with {һе various methods cited 
although cach method has its adherents. 

Artificial immunity appears in about two weeks after treat- 
ment and lasts for a varying period of time. In general it is 
thought that immunity conferred in this way lasts about а year, 
alihoug it is known that in some cases protection fails entirely, 
and a small percentage of treated cases die of rabies, Thé im- 
munity produced is not of the nature of an antitoxin. The 
serum of an immunized animal is verucidal for the virus of 
rabies in vitro, the immune bodies appearing in the blood about 
twenty days following the last injection of vaccine. 

Control of rabies.—Various control measures are advocated to 
kecp this disease within bounds or totally to eradicate it. These 
measures аге discussed in detail in standard texts on preventive 
medicine. In general they consist of laws regulating impor- 
tation of dogs, muzzling, quarantine, licensing, education and 
responsibility, and immunization. While protective vaccination 
of dogs (the most important reservoir of the virus of rabies) is 
just now becoming general throughout the world, this measure 

© bilis fair to alter most favorably the picture of the disease af a. 
public-health probleme | 
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РБЕРРОВАРЈЕВ: INFECTIOUS BULBAR PARALYSIS — * 


Definition.—infectious bulbar paralysis, or pseudorabies, is 
an acute infection of the central nervous System of dogs, 
cats, and cattle which is characterized by paralysis of the 
pharynx and marked painful pruritis on Various parts of the 
body. Unlike rabies proper the virus is absent from the saliva 
but present in the blood stfeam. The disease is ‘highly fatal, 
death of affected animals resulting within thirty-six to fifty hours 
after infection takes place. 

History.—Aujeszky (1) in 1902 first observed this disease in 
rabbits following the injection of medullary substance from a 
cow and a dog both of which had died with symptoms suspicious 
of rabies, Marek(2) found this condition to be present in one 
hundred eighteen cats and twenty-nine dogs in a clinic at 
Budapest from 1902 to 1908. The disease is said to have been 
observed in certain parts of Brazil, where it is known as “peste 
de cocar” (itch plague); it has been seen in Russia and possibly 
in Germany. ‘ 

Distribution Infectious bulbar paralysis has been present 
chiefly in Hungary but has been reported in Brazil, in the 
Dorogobusch district of Russia, and possibly only once by 
Bass(3) in Germany, 

Incubation period.—The incubation period in infectious bul- 
bar paralysis varies from twenty hours to ten days following‘ 
artificial infection. Usually following inoculation rabbits die 
within twelve to thirty-six hours. The nature and mode of the 
natural infection аге little known, ' 

Symptoms.—The symptoms of infectious bulbar рагайу. 
described by Hutyra and Marek as follows: : 

Dogs and cats become apathetic, change their resting places often and 
sit crouched up; cats meow and yawn, sometimes painfully. There is 
profuse salivation; inappetence is present from the enset of the disease 
with f-equent vomiting, and constant symptoms of paralysis. In ‘about 
half of the cases the patients manifest severe itching on any part of 
the head, which they scratch with the fore paws, or rub against some 
object, sometimes so severely that inside of several hours extensive abra- 
sions or evemdeeper injuries result, In other cases this symptom is absent, 
bui-the groaning or painful meowing indicatgs that the animals nre in, 
pain, With rare exceptions the examination of the nervous system shows | 
paralysis of the pharynx find pruritus, alto an uneven dilation of the pupils 


are 
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associated with a ürst increased reflex irritability, later diminished рорй- 
lary reflex, muscular sensibility, and superficial and deep reflexes. In most 
cases periodical twitching may be observed in the flexor muscles of the . 
heat and neck, sometimes also the muscles of the lip. The respiration 
is markedly Yabored, the temperature is normal or only slightly etevated 
‘and the patients succumb almost exclusively inside of 24 to 36 hours. Та 
cattle a persistent rubbing of the muzzle ог of other parts of the face is 
observed, which results in more or less extensive bloody areas, denuded 
of hair end surrounded by edematous swellings. At the same time the 
animals bellows loudly, and kick spasmodically with their hind legs. In 
the meantime а pronounced swelling ang weakness of the hin? quarters 
«develop while the appetite is for а time normal. Finally the disease ter- 
minutes in death after 12 to 26 hours. 


Symptomatically then the disease is quite different from ra- 
bies proper. 

Animals susceptible to the virus of pseudorabies. Besides 
cattle, dogs, and cats, which are all markedly susceptible, the dis- 
ease may be produced in laboratory animals such as rabbits, 
guinea pigs, rats, and mice. Sheep ave easily infected, while 
the ass is less susceptible, and horses can be infected only with 
difficulty. Fowls are пој susceptible. In man the infection, ac- 
cordini to Rátz,(4) causes only a local inflammatory swelling 
which persists for sevdral days, then disappears. 

The virus of pseudorabies.—The virus is present in the tis- 
sue fluids at the point of inoculation, in the blood stream, and 
in the central nervous system. It is not present in the saliva, 
bile, or urine. One one-thousandth cubic centimeter of blood 
from’ an affected anima) із sufficient to induce the infection in a 
"susceptible animal, The virus is füterable through coarse por- 
celain filters which retain bacteria. All attempts to cultivate 
the virus have failed. The virus is preserved in 60 per cent 
glycerin as are many of the filterable virosès. It is rendered 
avirulent by drying from three to six days. Heating at from 55 
to 60° С. destroys the virus in about thirty-five minutes, while 
80° C. destroys it within three minutes. The virus is alo de- 
stroyed within a few minutes by 0.5 per cent hydrochloric acid, 
by 1 per cent «orrosive sublimate, or by 5 рег cent phenol 
(Schmiedhofer(9)). According to Zwick and Zeller(€) the 
virus is destroyed by decomposition in eleven days at the longest. 

The disease may be produced artificially in cats, dogs, and 
rodents by fecding infected tissue. The pobsibility that do-' 
„mestie animals тау be infected by diseased rats or mice has „ 
"béen suggested Бу Hutyra, while Kolonits(7) has suggested the , 
possibility that the discase is transmitigd by the spines of ^ 
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pants ond rough fodder that have been contaminated by an 
infected animal. 

Immunity—Little is known regarding immunity in pseudo- 
rabies. The ‘disease is practically 100 per cent fatal, although 
recovery in a cat bas been observed. (Hutyra and Marek.) 

Pathology.—Autopsy of animals dead of the disease reveals 
hyperemia and small hemorrhagic extravasations in the me- 
ninges, There are also found inflammatory lesions in the parts 
of the body that were painful and pruritic durini the life of 
the animal. 
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TIERPES SIMPLEX 

FEVER BLISTERS; HERPES (FRENCH); BLALCBENFLECHTE (Сккмдх) 

Definition—Herpes simplex is an acrte eruptive disease of 
the skin and the mucous membranes, and usually occurs upon 
the face and genitalia. It is characterized by а vesicular 
eruption, the vesicles appearing in groups upon a mild inflam- 
matory base, and accompanied by sensations of heat and burning. 

The disease is caused by a filterable virus, the manifestations 

of whieh are influenced by a number of factors; such as, Јоса! 

irritation, exposure to the sun's rays, drafts of cold air, trauma- 
tism, and various constitutional and infectious diseases. Herpes 
is designated, according to location and conditions ynder which 
it occurs, as herpes febrilis, herpes labialis, cold sores, herpes 
genitalis, herpes preputialis, and generalized herpes. 
Occurrence of herpes.—This discase has been known since 
ancient times. It occurs in connection with a number of in- 
fectious diseases. According to various dermatologists the dis- 
ease iş said to be present in about 40 per cont of cases suffering 
with cerebrospinal meningitis, lobar pneumonia, and malaria; 
in about 6 per cent of scatlet-fever patients; 6 per cent of in- 
fluenza cases; 5 per cent of typhus cases; and in а comparatively 
small number of patients having diphtheria, tvphoid fever, re- 
lapsing fever, and smallpox. The affection is common in рго- 
+ stitutes and according to Unna it occurs, in Hamburg, їп about 


onan 


1 


лен McKinley: Filterable Virus Diseases n 


25 per cent of these women, The discase frequently manifesti 
itself in women about the time of the menstrual period. It 
occurs in connection with the acute coryzas and various gastric 
and’ intestinal conditions. Focal infections in the mouth may 
also be accompanied with herpetic lesions. In other cases her- 
pes has apparently been related to the ingestion of certain foods. 
In many individuals the affection tends to be recurrent and the 
lesions may appear n the same area over a long period of time. 
These recurrent lesions are particularly noted upon the face, 
pbout the buttocks, and upon the genitalia. D 

‘Symptons.—Herpcs may involve any part of the cutaneous 
surface but is more commonly found ch the face and about the 
genitalia. "The'affection is self-limited and usually terminates 
within a week or ten days. More often the lesions are few 
and localized, but occasional generalized distribution occurs, 
Mild constitutional symptoms may be present, and the part af- 
fected is subject to sensations of heat and burning. There may 
be present some slight elevation in temperature, and chilliness, 
and on this account the disease is frequently referred to 85 
“fever blisters.” In fest cases the lesions appear upon the 
mucous membranes of the tongue, cheek, pharynx, and larynx. 
Occasionally the vesicular patches are fairly large, and may 
coalesce, becoming cloudy and purulent. After a few days the 
vesicles dry and yellowish crusts are formed which drop ой 
within a short time leaving a brownish red stain which soon 
disappear: 
> Epidemics of herpes have been reported by Savage) und by 
Seaton.(2) Both of these epidemics occurred in schools for 
boys and the caseg were characterized by sudden onset, ele- 
vation of temperature, chilis, hoadache, nausea and vomiting, 
and herpetic eruption chiefly on the lips ‘and other parts of 
the face. The occurrence of the disease in epidemic form is 
strong indication that the disease is caused by an infectious 
agent. 

The virus.—lu 1913 Gruter(2) demonstrated that the inocu- 
tation of the rabbit's cornea with scrapings from lesiohs of den- 
dritie keratitis produces in rabbits an inflammatory process 
which is transmissible from animal to animal. This observation 
was confirmed latter by both Lowenstein(4) apd by Luger and , 
1айда,(5) and these authors further demonstrated" that pre- 
xisely the same process tan be induced in rabbits by inoculatlilg 


the rabbit's cornea with the fluid from henpes vesicles, Lowdn- 
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‘stein believed that the infectious agent existing in the fluid of 
the herpes vesicle is filterable, and this belief was fully es- 
tablished in the later work of Luger and Lauda, Blane and 
Caminopetros, (6) and Levaditi, Harvier, and Nicolau. (7) 

Lipschiitz(8) іп 1921 was the first to demonstrate сей т: 
clusions in the lesions of herpes simplex, herpes genitalis, and 
herpes zoster. These inclusions are without doubt specific аз 
indicated by the fact that they are also found in the epithelial 
cells of {he inoculated rabbit's cornea, "These bodies are found 
only in the actual seat of ‘the lesion, and in herpes simplex 
(febrilis) and herpes genitalis they have been found to appear 
in seria) inoculations. Unlike most of the intraceliviar inelu- 
sions described in connection with other filterable virus diseases, 
the inclusions in herpes are found almost exclusively within the 
nucleus and not in the cytopiasm of the cell. 

More will be said of the inclusion bodies in Chapter XVII. 
For the present we may state that the exact nature of these 
bodies is unknown. However, it is well known that such bodies 
are frequently met with in connection with several of the dis- 
eases caused by agents of the filterable virus group, and their 
presence is now considered as prima-facié evidence of the activity 
of a filterable virus. Indeed, in the case of the virus of herpes 
simplex and of herpes genitalis, the filterability of the viruses 
has been demonstrated. 

As indicated before there are many other factors which ap- 
parently contribute to the development of herpes lesions. "It is 
well known that in certain individuals herpes has never occurred 
during an entire life time, It is evident from the beginning, 
then, that there exist varying degrees of susceptibility and 
resistance to this , discase. Irritation, trauma, „diet, emo- 
tional disturbances, and infectious diseases (for example, men- 
ingitis, pneumonia, and malaria) may all contribute to the 
develepment of the disease. In cerfain men the simple act of 
coitus is sufficient to bring on an attack of the affection. Its 
occurrence in prostitutes and in women about the time of the 
menstrual period has already been mentioned. We suggest ‘that 
all of these influences are only contributing in nature and none 
of them is related to the reat cause of the disease. Herpes is 
“ап infections disease, caused by a filterable virus. The virus 
of, herpes is apparently widely distributed,» Simitar viruses 
have been isolated from the saliva and from the nasal secre- 

; tions. Presumably there are untold numbers of ° healthy 
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carriers of the virus. The extraneous factors mentioned 
above may contribute to the development of lesions by the 
һеррез virus already present, latent in the individual, by 
lowering the general resistance of the individual’ to the virus. 
We have suggested this concept in another publication.(9) 
Goodpasture “and Teague(30) have shown that the virus of 
herpes passes up the axis cylinder of the nerve from its point of 
entrance to the spinal ganglia and the central nervous system 
in rabbits, ^It has, of course, been known for yearg through 
the work of Howard(1D and Mallory and Wright(2) that de- 
gencrative and inflammatory changeg are present in the gan- 
glionic cesters supplying areas upon the face affected by herpes 
in cases occurring with pneumonia and cerebrospinal meningitis. 
it appears then that the virus of herpes reaches the surface 
by way of the nerves. If the virus passes up the nerve trunk 
there is no reason to suppose that it cannot pass down the 
nerve to the cutaneous arca supplied by that nerve. Does the 
virus remain latent then in the tissues of man, and more par- 
ticularly in the nerve tissues such as the spinal ganglia? The 
fact that recurrent herpés is frequently brought on as a result of 
greht emotional or nerous stress favors this idea somewhat. 
‘The changes found in the ganglionic centers have been thought 
by some authorities to be of toxic origin. While no toxin has 
as yet been demonstrated for the herpes virus it is logical to 
suppose, from our ordinary concept of the mechanism of in- 
fection, that such degenerative and inflammatory changes are 
+ cansed by а toxin elaborated by the virus. И must bb left to 
future investigations to determine this question. 

Within recent years the herpes virus has received a great 
deal of attention, since several filterable viruses have been de- 
monstrated in the brain substance and spinal fluids from cases 
of epidemic encephalitis that are apparently identical with or, at 
least, closely related to the herpes virus. Doerr and +Véch- 
ting(13) have shown that the herpes virus is capable of in- 
ducing an encephalitis in rabbits when injected intraocularly. 
Since the work of Doerr and Véchting numerous investigators 
have shawn that encephalitis in rebbits'regularly follows the 
subdural injection of the herpes virus. Strains from herpes 
simplex (febrilis) and herpes genitalis are practically all found 
to be potent in this respect. So far no one has succeeded, in 


? unquestioned experjménts, іп producing encephalitis in “rabbits > 
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following the subdural inoculation of fluid from the vesicles of 
herpes zoster, Cole and Kuttner(14) failed in this respect with 
material taken from nine cases, and McKinley and Holden (15) 
failed in three instances. However, there is strong evidence to 
suppose that herpes zoster is alsa a virus disease, but so far the 
hypothetical virus has remained undemonstrated. 

To summarize we may conclude that herpes simplex and 
herpes genitalis are caused by a filterable virus. Cultivation 
experiments with this virus have so far resulted in only dis- 
couraging results. By several methods Le Fèvre and Ме. 
Kinley(16) failed entirely in the cultivation of this virus. 
Parker and NycUT) have reported more-encouraging results, 
but their work cannot be fully accepted at present as having 
demonstrated the artificial cultivation of this agent, Herpes is 
а common affection, and this indicates that the virus is wide 
spread. We propose the theory that the herpes virus is present 
and latent in the tissues and secretions of man who serves as 
its reservoir, Under favorable conditions acompanied by a lor 
ering of the individual resistance, brought about by a varicty 
of influences, the virus becomes active and manifests Иза in 
cutaneous lesions. The relation of this virus to epidemic en- 
cephalitis will be discussed in the following section. 


EPIDEMIC ENCEPHALITIS: LETHARGIC ENCEPHALITIS 


Definition —Epidemic encephalitis is an infectious disease of 
protean manifestations. Encephalitis means brain inflamma- 


tion. Epidemic encephalitis is an inflammation chiefly of the + 


central nervous system and is characterized in most cases by 
lethargy, paralysis of the cranial nerves, and ip some cases there 
is spinal- and peripheral-nerve involvement. Not ДИ cases of 
epidemic encephalitis manifest lethargy for in some patients, 
depending upon the location and severity of the involvement, 
marked excitement may be a predominating symptom. This 
discase is also sometimes referred to as epidemic stupor, infective 
encephalitis, epidemic polioencephalitis, and sleeping sickness 
(European). " 
History and distribution. Ее is known regarding the early 
history of epidemie encephalitis. Early after 1700 a disease 
broke out in parts of Germany which epidemiologists believe 
may, have béen related to epidemic encephalitis. Again in 1800 
іп parti of southern Europe there appeared, а peculiar disease, 
designated "nona" at tue time, which may have been reiated to 
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encephalitis lethargiea. From the records it is impossible № 
"state definitely whether or not either of these diseases was re- 
lated to epidemic encephalitis. А 
In 1917 Economo(13) described, under the name of cn- 
’ cephalitis lethargica, a disease which ће observed in eleven cases 
in Vienna. Thèse cases had occurred during the winter of 1916— 
17. During thc spring of 1918 the disease began io appear in 
various parts of Efigland, and toward the end of 1918 the first 
indications df the disease were noted in the United States. The 
‚ early cases bf encephalitis lethargica were apparently "regarded 
as brain inflammations due to botulism. The disease was char- 
acterized „Бу drowsiness passing into lethargy, a progressive 
muscular weakness, and opthalmoplegia, Often the first symp- 
toms noted were a slight indisposition, mild indefinite muscular 
pain, and a feeling of drowsiness. Both males and females are 
affected and in about equal proportions. Most of the cases have 
appeared in individuals over 20 years of age. This is quite the 
opposite of poliomyelitis which occurs chiefly in children. While 
most cases of epidemic encephalitis occur in individuals in 
their twenties or thirties, the discase also occurs in later years 
after the age of 50 ard in children, 

Since 1917 epidemic encephalitis has spread to all parts of 
the world, In England alone thovsands of cases ore now being 
reported each year. During 2924 England reported over five 
thousand cases of this disease according to the Epidemiological 
Report of the Health Section of the League of Nations. This 

> report states that in most countries epidemic encephalicis is de- 
creasing at the present time. England, for example, has re- 
ported only 2,267 cases for the year 1926 with 1,325 deaths from 
this disease, In England the disease is торо prevalent іп urban 
than in rural districts. In New York Cily cases of epidemic 
encephalitis are not at all uncommon, and the same is true of 
other large cities іп the United States. The disease is ngt lim- 
ited to cities, however, and is frequently met with in rural 
communities. "The disease has a high mortality and shows а 
predilection for the winter months. 

The only epidemics of a similar disease, which have been men- 
tioned above, occurred in connection with or following epidemics 
of influenza. In 1918 when cpidemie encephalitis began ifs 
march over the world it was thought that the disease was related 

У фу influenza and peshabs resulted as a sequela, in certain cages; 
ав a rebult qf the same infection. Exclpt for epidemiological; 
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data there is no evidence that epidemic encephalitis is related to 
epidemic influenza except as a concurrent infection. It is true ^ 
"that in England the incidence of epidemic encephalitis is highest. 
in the north ‘of England, decreasing through the south, and 
lowest in Wales. Also influenza is more prevalent in the north ` 
of England, but the mortality of encephalitis is highest in urban 
communities while influenza has a greater mortality in rural 
districts. 4 

Symptqms.—The usual picture of epidemic encephalitis is 
lethargy, associated with thitd-nerve and facial pa?alysis, and « 
weakness in the lower cytremitics. There are many clinical 
forms of the disease which depend upon the location азб degree 
of involvement of the central nervous system. Some of the dif- 
ferent types of the disease have been described as follows: Cases 
exhibiting general manifestations of the disease but no local- 
izing signs; cases with facial paralysis; cases with third-nerve 
paralysis; cases with spinal-cord manifestations; cases with po- 
Тупеит! с symptoms; cases showing periods of great excitemen 
and mild cases of the abortive type having only transient man- 
ifestations. All degrecs, variations, arid combinations of the 
above types have Leen met with. * 

Prodromal symptoms may be present or absent. If present 
they may be noted from a few hours to a few weeks and are 
characterized chiefly by headache, diffuse pains, lethargy or 
drowsiness, stiffness of the back or of one or more limbs, con- 
junctivitis, and vertigo. * 

Lethargy, a prominent symptom of the disease, occurs -in 
about 80 per cent of the cases. It comes on as a rule very 
gradually but may occur suddenly. It may develop gradually 
from a slight drowsiness to a stupor from which the patient 
can be aroused and then pass on into a deeper stupor or coma. 
Ocular palsies, with double ptosis and diplopia occur early. 
The temperature ranges from 100 10 104° F. it usually lasts 
but a few days and may then disappear only to recur, in some 
cases within а few days. 

The disease is slowly progressive. The patient takes on'an 
apathetic look, the pupils may be dilated and unequal with com- 
plete third-nerve paralysis, The face becomes smooth and сх- 
pressionless, the muscles being moved with great difficulty. Cat- 

. @lepsy is not uncommon. The patient may Lecome delirious 
“па develop a violent mania. The memory із lost gradually, 
“алд the patient cannot Femember one moment what he has been 
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told a few moments before. Aroused he may answer simple 
questions intelligently. Tremors and choreiform movements 
may occur in some cases and persist for some timo. n 
Sensory disturbances, such as hyperæsthesia, pay occur but 
are rare. Paralysis of the arms and the legs may occur. The 
reflexes may or may not Һе normal. Some cases exhibit par- 
aplegia. Other cases may show bulbar features and signs of 
polyneuritis, Sigus of meningeal involvement are rare. The 
cerebrospinal fluid is clear, may show 10 to 20 cells рег cubic 
millimeter, land in some cases а large increase. Boti? mononu- 


* clears and polynuclears are found. The duration of the disease 


is variable. It may last weeks, montis, or years. Аз a rule its 
duration ‘ranges from two to twelve weeks, Second attacks 
occur and apparently, in many cases, are more severe than the 
first illness. These are probably not reinfections but a flaring 
up of the old process when conditions are favorable. 

There are other forms of encephalitis from which epidemic 
encephalitis must be differentiated along with several other con- 
ditions that are similar in some respects. Acute encephalitis 
тау result from a numbar of causes such as trauma, intoxications 
(alcohol, food poisoning, and gas poisoning}, following acute 
infections, and as а form of polio-myclo-encephalitis. The gen- 
eral symptoms are headache, somnolence, coma, delirium, 
nausea and vomiting, ete. Cases may occur following certain 
fevers, such as influenza and typhoid. 

The virus of epidemic encephalitis, The virus of epidemic en- 
cephalitis is unknown. That the disease is infectious id com- 
municable is agreed by most authorities. What the infectious 
agent is or how it is communicated from individual to indivi- 
dual is unknown at present. In 1919 Loewe and Strauss(19) de- 
scribed an organism as the cause of epidentic encephalitis which 
they obtained from the brain substanee and nasopharyngeal 
washings from cases of this disease and claimed to have re- 
produced the disease in rabbits and monkeys with this material. 
Later they cultivated their organism and reproduced the disease 
with the cultivated microürganism. These experiments have 
been open to grave doubt and have not heen confirmed. ' 

In 1922 Levaditi and Harvier(7) described a filterable virus 
which they believed to be the cause of epidemic encephalitis. In 
réhlity there were two strains of this virus oblained from cases 
of this disease. "The Brst and most virulent virus was cbtfihce 
from the brain substance of а case of encephalitis, while’ the , 

» ren) ` 
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second and weaker virus was obtained from nasal secretions. 
Flexner(20) has pointed out that “examination of Levaditi's re- 


‚ ports indicates that from among inoculations made with thirty 


separate sets of specimens from cases of epidemic encephalitis, 
he succeeded in establishing in rabbits only one active virus” 
and that his conclusions are "based гсайу on u single unequi- 
хаса! experimental result." Further, it is now well known that 
the case of encephalitis from which Levaditi obtained his first 
virus possessed a herpes infection over the entire right side 
of the faze, and subsequent experiments with the Li vaditi virus 
indicates that this virus is identical with known herpes strains‘ 
or closely allied to them." 

Other füterable viruses have been obtained fromthe brain 
substance and cerebrospinal fluid from cases of epidemic en- 
cephalitis. There are the so-called “Basel” viruses. The first 
of these was obtained by Doerr and Schnabel (21) from the cere- 
brospinal fluid of a patient having encephalitis lethargica. The 
second strain was obtained by Doerr and Berger(22) from the 
brain substance from a typical case of epidemic encephalitis. 
The third strain was derived from another case of epidemic en- 
cephalitis from the brain substance by Doerr and Berger. 
Zdansky (23) found that the brain lesions produced with the 
Basel strains H and Ш were identical with those produced in 
rabbits with the Levaditi so-called encephalitis virus and also 
with the herpes virus. 

The “Berlin” virus was described by Schnabel(24) and, was 
obtained from the cerebrospinal fluid of an acute case of epidemic , 
encephalitis. Cross-immunity experiments with this virus and 
а known herpes virus were found to be positi 

The so-called “Wien” virus was isolated by Luger and Lauda (5) 
and was obtained from the cerebrospinal fluid and brain sub- 
stance from а case of epidemic encephalitis. This strain first 


exhibited an incubation period of eighteen days, which gradually + 


became shorter with animal passage. Symptomatically in rab- 
bits the disease produced by this virus is typical of that induced 
in rabbits following inoculation with herpes virus. These au- 
thors also studied a virus described by Koritschoner ;(25) it was 
derived from the brain substance of a patient who had been bitten 


by a supposedly rabid dog. ‘The patient died and a post-mortem 


examination rev: 


led a myeloencephalitis, Inoculation of brain 


' s» material from this case into two rabbits and two dogs resulted « 
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within а few' days in paralysis and lethargy. Luger and Lauda 
believe that the Koritschoner virus is endowed with herpetiform 
properties, but Doerr and Zdansky (23) identify it with the virus 
оф psendolyssa or infeetious bulbar paralysis, These authors? 
base their conclusions upon its transmissibility td dogs and the 
absence of Negri bodies in the brains of such infected animals. 

Bessemans and уап Bocckel(26) experimented with materia) 
from five brains, tyventy cerebrospinal fluids, and five nasophar- 
yngcal washings from several cases of epidemic encephalitis. 
Sixty-one ыы and thirty guinea pigs were inoculated with 
these materials. Only seven of these rabbits showed symptoms 
and lesions, and only two guinea pigs showed lesions but no 
symptom. Symptomatically these animals exhibited pictures 
typical of those due to herpetic infection. The lesions consisted 
of diffuse infiltration of the brain substance with mononuclear 
cells and in one case perivascular infiltration. This virus pos- 
sessed only а moderate virulence and was soon lost entirely, In 
regard to this virus Da Fano(2?) states that— 
these experiments seem to indicate the possible occurrence of weak enceph- 
alitis strains endowed with, properties similar to those of likewise weak 
or somewhat anomalous herpetic viruses. This supposition is supported 
by the report of Netter, Uesari and Durand, who claimed to have recov- 
ered an apparently weak strain from the brain of a case of icthargic 
encephalitis 15 months after onset. This virus was regularly active when 
prepared with the brain substance of successfully inoculated animals, 
whilo the salivary secretion of the infected animals was uniformly virulent, 
Also Sicard, Paraf, and Laplane claim to have isolated an apparently 
weak encephalitis strain from a ease of post-encephalitis Parkinsonism. 

In addition to the above viruses that have been obtained, 
Perdrau(28) in England has apparently had unusual success іп 
isolating viruses from the brain substance from cases of epide- 
тіс encepdalitis which he believes posses& herpetiform prop- 
erties. 

As will be noted the various viruses described above, with 
the exception of the virus of Loewe and Strauss which is no 
longer taken seriously, have been obtained frorn cases of epidemi 
encephalitis in Europe. Flexner and Amoss(29) and others in 
the United States have becn uniformly unsuccessful in isolating 
а single virus from cases of this disease. Flexner (20) in 1923 
reported transmitting a disease to rabbits with the cerebrospinal 
fiaid from a patient with neurosyphilis, arfd from these rab- 
hits he obtained’a strain of herpes now known as the "Reck'ey' 
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Strain. In this case there was no question of encephalitis, but 
it serves to illustrate that the herpes virus may occur in the 
spinal fluid of patients affected with some other disease process, 

General opjnion is that the various viruses described by Euro- 
pean investigators as obtained from cases of epidemic encephati- 
tis are identical with the herpes virus or that they are closely 
related. Doerr and Schnabel and later Levaditi, Harvier, and 
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© The animals again received subdural injections thirty-two days 
typical encephalin within Yam ree to эй, 
Nicolay all found that cross immunity experiments with Leva- 
diti's encephalitis virus and the herpes virus are positive. They 
later ‘also demonstrated that the Levaditi encephalitis virus 
produces an herpetiform eruption when inoculated on the skin 
of a rabbit, Levaditi and his associates, then, consider that the 
virus of encephalitis and herpes are identical, varying only in 
degree of virulence. Doerr(36) also leans toward this concept 
and believes that the herpes virus is related etiologically to epi- 
demic encephalitis, 

‘Discussing this question in 1924 Ратһегі21) says! e 

There is one fact that would seem to establish definitely tHe lack of 
identity between: the vires of herpes and that of encephalitis lethargica; 


и died with 
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namely, the occurence of the intranuclear bodies characteristic of herpes 
E the former and the absence of such bodies in the latter, Lipschitz 
described certain intranuclear, acidophilie bodies that occur, especially in 
the, epithelial cells, in herpes in human beings aud in experimental herpes 2 
‘of the rabbit's cornea. These bodies are perfectly definite and their de- 
monstration renders the diagnosis of herpes positive in animals and аїзо 
im human beings, sprovided that in the latter varicella can be excluded, 
‘Whether they represent the virus or a reaction on the part of the cell 
about the virus, or merely a reaction or degenerative product of the 
cells is undetermined? but this does not detract from their diagnostic 
importance. ffince the work of Lipschitz, they have been described by 
Goodpasture dnd Teague in the brains of rabbits dying of herpetic 
"infection. 

Now if the virus of herpes and that € encephalitis Iethargica are 
identicul, thse bodies should occur in the brains of human beings dying 
of encephalitis lethargica. However, to date, no such bodies in these esses 
have been described. (See Chapter XVII, Da Fano.) 


The entire question of the relation of herpes virus to epidemic 
encephalitis has become a very important one. Indeed, the 
question has become one of controversy. Investigators are, for 
the most part, agreed that the cause of encephalitis lethargica is 
probably a filterable viru. Flexner and his associates have con- 
sistently held that the hypothetical virus of epidemic encephalitis 
remains undiscovered.’ European investigators have attached 
more and more etiological significance to the herpes virus as a 
cause of the disease. Zinsser and Tang(32) have brought further 
evidence against the herpes virus in its possible relation to 
epidemic encephalitis. These authors have shown that the 

, seru from encephalitis patients possesses no virucidal effect 
for the herpes virus in vitro though this property is present 
in the serum of rabbits immunized with herpes virus. 

In a recent publication McKinley and Holden($) suggest that, 
in the abseute of a definite etiologic agent far’ encephalitis Iethar- 
gica and since herpes strains are occasionally met with in the 
nerve tissue of cases of this disease, it is advisable to retain ап 
open mind on the entire question and attempt in every way pos- 
sible to prove er disprove any relation that may exist between 
the herpes virus and encephalitis. The idea of an encephalitis 
being due to a toxin, as previously suggested by Parker, was 
again suggested. ‘The occasional presence of the herpes virus 
in the central nervous system of patients might be explained on 
thè basis of the central nervous system barrfers bexoming per- 
meable to the virus or its toxin as a result of some other conati- 
tutional,disorder or infectious process which lowers the resist- , 
ance of the patient, and conscquently of these barriers which * 
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normally do not permit the herpes virus or any other virus to 
gain entrance into {һе central nervous system. For example, 
Such a hypothesis might explain the occurrence of encephalitis 
lethargica following in the wake of influenza. If such зеге һе 
case it miglt explain the occurrence of those cases in which 
the herpes virus has been found in the brain. Also, as Perdrau 
has pointed out, the virus may be more casily obtained during 
the first few days of illness when the symptoms are acute. Park- 
er suggests that the actual virus of encephalitis may be growing 
in some,other region, such as the gastrointestinal асі, or naso- 
pharynx, without causing local symptoms, but producing a poi- 
son that has a marked @ffinity for the central nervous system, 
Analogies of this are of course found in tetanns aud to some 
extent in botulism, Such а virus might also be present, latent 
in the spinal ganglia, and produce its toxin from this focus. 

In one of his most recent papers Flexner (33) in commenting 
upon the ease with which herpes viruses may be implanted in 
rabbits states: 

On the other hand, it has proven extremely difficult to implant such 
a virus on rabbits with material taken from cases of epidemie епсерһа- 
litis im man, The several hundred or more transfers of these materials 
from man to rabbit have yielded, as Fiexner ‘pointed out and Doer? con- 
cedes, six successful inoculations at most. The percentage of successes is 
almost minimal. The matter at issue is the explanation of the disparity, 
the burden of proof, of course, being placed upon (hose investigators who 
would identify the herpes virus with the supposedly microbie incitant of 
epidemie encephalitis. 

This«may be taken as the author's attitude in the mattér, аз, 
far as the herpes virus is concerned. 

Up to this point we have omitted entirely from considera- 
tion the possibility of the streptococcus as {Ме microbie incitant 
in encephalitis lethargica. In 1924 Rosenow(31) teported the 
isolation of a streptococcus from the tonsils, teeth, and nasophar- 
yax of cases of encephalitis and from the brain substance of such 
cases after death, Evans and Freeman(25) have also described 
а streptococcus isolated by them from nasal washings, heart 
blood, and mesencephalon of a patient with cpidumic encephalitis. 
‘The streptococcus obtained by these authors is similar, according 
to comparative test, with the streptococci described by Von 
Wiesner and by Rosenow. This organism, so it is claimed, shows 
а tendency to eléetive localization in the brain and is said to 
produce nervous symptoms in rabbits end monkeys’ which, in, 
ове instances, simulate the disease in man.: In another publica. 
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tion Evans(36) reports the isolation of six strains of streptococni 
„тога vesciles in cases of herpes, one from the cerebrospinal Suid 
from a case of syphilis, and one from the brain substance from 
a case of epidemic encephalitis. Freeman(37) has described the 
use of an antiserum prepared in horses with the ‘streptococcus 
which was described earlier by Evans and himself, Adminis- 
tration of specific antistreptococeus serum to cases of encephali- 
tis was controlled by the administration of norma? horse serum, 
antipnaumocpccus serum, and streptococcus bacterin. Freeman 
states: "ТАЈ injection of normal horse serum during one rc- 
lapse, of antipneumocoecus serum during another, and of strep- 
tococcus bacterin during a third thu» had the same beneficial 
effect that’ the ‘encephalitis serum had in the first place.” Rus- 
sell (8) has also described a number of recoveries of cases of 
encephalitis following the administration of antidiptheritic se- 
rum. As pointed out by Freeman such results indicate the need 
for proper controls in attempting to evaluate the efficacy of 
specific serum therapy. Certainly these results as reported by 
him lend little evidence in favor of the streptococeus etiology of 
this disease. They indigate, however, that nonspecific protein 
therapy may have some beneficial effects. 

In a recent review of the filterable virus diseases MacCal- 
lam(30) in speaking of epidemic encephalitis and the experi. 
mental work with the various viruses which we have described 
above states: 


. гү. differences between the curves showing the effect of inoculation of 
encephalitis material оп the one hand and of herpes material on ‘he other, 
into rabbits (Ford and Amoss), make ono suspect very strongly that all 
of the so-called viruses of encephalitis are really accidentally recovered 
herpes viruses. This, seems a far safer conclusion than that ventured 
by some that, the viruses of encephalitis and herpes are identical, and it 
із preferable to concede that as yet we know nothing of the cause of 
encephalitis, АН of this has been cleatly brought out by Flexner. 

This is further indicated by the fact that Bastai and Bysacca 
(46) have found the herpes virus in the blood and cerebrospinal 
fluid of persons subject (о herpes but who at the time possess 
no igsions. In such people slight indisposition frequently brings 
on an attack of herpes. А 

This discussion may ђе taken аз representative of the thought 
of the American schoo) on the subject of the etiology of epidemic 
encephalitis. With regard to the streptococcus аў a possible 
etiológie incitant, there are few who consider this orgafhism 
seriously. |, ` 
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« Pathology.— Тре chief changes found in epidemic encephalitis 
are located in the upper part of the pons and in the basal nuclei 
and consist of a perivascular infiltration of large and smali mono- 
nuclear lymphocytes. In some cases the areas of extravascülar 
infiltration form foci which may be seen with the naked eye. 
The destruction of the ganglion cells as found in poliomyelitis 
is not common. The spinal-cord lesions are very mild. Changes 
in the Purkinje cells are noted, but cortical Insions and extensive 
lesions of the gray matter are not common, 

According to МеСгде(41) hemorrhages in the mefinges and in 
the regions of the basal ganglia may be found. Lesions also 
occur in the cerebellum.‘ Lesions are both nodular and diffuse, 
The nerve cells show degeneration either localized or general. 
Thrombosis and necrosis have been noted but are rare. The 
gray matter at the base of the brain is particularly involved. 
Altogether, according to this author "the anatomical lesions are 
like those found in rabies and sleeping sickness." He states 
further— 
the lethargy may be toxic but is possibly mechanical due to interruption 
of stimuli in the thalamus, which in {req rently involved. The latter 
changes involve (1) the vessels with hyaline end calcareous degeneration 
of the media and adventitis especially and particulariy in certain areas, 
especially the basal ganglia, (2) hydrocephalus, chronic or intermittent, 
from imperfect drainage of the ventricles, and (3) meningeal thickening. 

Prevention—Very little can be said regarding the prevention 
and control of epidemic encephalilis. That the disease is com- 
municable is agreed by most authorities. However, it is only 
mildly so, Its relation to other infectious discascs 
stood. While the disease is apparently decreasing in certain 
parts of the world (England), it still remains in other countries 
as а serious and inczcasing menace. Until its cause із definitely 
known it is impossible to formulate rules for its prevention. 
At present it is only possible to employ ordinary hygienic meas- 
ures «which are indicated for any infectious and communicable 
diseasc. No vaccine or serum is as yet availabip for its preven- 
tion or treatment. E 


ACUTE ENCEPHALITIS: AUSTRALIAN X DISEASE 


Tn 1926 Kneebone and Cleland (42) reported an acute encephali- 
tis condition which appeared again in Australia during January 
and, February of the year 1925. In previous reports Cieland and 
7 Campbell (42) had reported an epidemic df acute encephalomyei- " 

у tis which appeared in Australia in 1917-19. According to these 


little under." 
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authors the Australian disease, X disease, does not correspond 
With that of encephalitis lethargica reported in other parts of the 
мода. Australian X disease is characterized by its high mortal- 
ity, very high temperature, coma, convulsions, relative absence 
of eye symptoms, rapid approach to death in fatal cases, its gen- 
eral resemblance to cerebrospina) fever, and leucocytosis. Fur- 
thermore, these investigators have offered evidence that the virus 
of X disease may bë transmitted to sheep. 

During 1947 apd 1918 the virus of X disease was trapsmitted 
.suecessfully to monkeys and at the same time was apparently 
transmitted to a series of sheep. Sucgessful “takes” were ob- 
tained intesthe third series of sheep, by sheep to sheep inocula- 
tion, but failed in the fourth, In 1926 Knecbone and Cleland 
again attemped to transmit the virus to these animals. Five 
Sheep were inoculated. The first was inoculated directly into 
the brain substance with 1.5 cubic centimeters of nerve-tissue 
emulsion from a fata! human case of the disease, and died eight 
days later with general convulsions. The second died with sim- 
ilar symptoms nine days following inoculation. Тһе third died 
with general convulsions 4aven days following inoculation. "The 
fourth was inoculated with brain emulsion from sheep 2 and died 
with general convulsions nine days after inoculation. The fifth 
was inoculated with brain substance from sheep 4 and suffered 
no ill effects following the inoculation. Brains from sheep 1, 
2, 3, and 4 all showed intense pial congestion but no evidence 
of suppuration. Bacteriologic cultures were uniformly negative. 
» The case described from which brain substance was obtained 
for the sheep inoculations is perhaps typical of the fatal cases 
of this disease. The authors described it as follows: 

Сазе в, (Irom this case the sheep inoculationo were made.) Lucy Sy 
aged 2 years and 10 months, was admitted on March 1, 1925. She had 
had whooping cough ten months before, but since then had been quite 
жей up to two days age. For the last two days she has had “turns” 
each day, lasting up to six minutes at а time, and three convuisions, fol- 
lowed by general tyitchings during the day before admission. The bowels 
had been opened олсе daily. She had refused food since she beeame ill, 
Exaiination showed that she was in a semi-comatose condition, with 
generalized twitehings. Head retraction and Eenig's sign were present. 
Nothing abnormal was detected in the chest or abdomen. The urine 
showed no abnormality. The temperature was 1014 ", the pulse 140, 
ani respirations 48, Next day her condition was ‘worse, withough the 
twitehings were not so sevgre. There was left abducent paralysis., Aum- 
bat puncture yielded 50 gc. of clear fluid under slightly increased pressyte. 
This fluid tontaiped no increase of globulin, no pis cells, and no organisma 
either in smears or on culture. The temperature; 101.6* Ж. оп admission, 
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Тозе in 12 hours to 102% F., and maintained a high jevel, rising to 106° F, а 
few hours before death, which occurred 3G hours after admission. At the 
post-mortem examination, 12 hours after death, the braia was removed with 
strict aseptic precautions, Very marked congestion of the vessels of “the 
pia mater was present, both at the vertex and at the base, There way 
no evidence of tuberculosis or suppurative meningitis, and the other or- 
gans were healthy. Microscopie examination of sections from the brain 
and spinal cord failed to reveal the presence of perivenous sheaths of 
celis or of cellular islands. These sections inclzded the basal muclei, 
There was marked capillary congestion in the frontal and aceipita] areas. 

From the description of this case there can be no doubt that the 
сазе ix іп many ways dissimilar to epidemic encephalitis both in 
its symptomatology and ih its morbid anatomy, While the trans- 
mission of the virus to sheep js not conclusive, these experiments 
may be considered as strong evidence that such transmission is 
possible, If this point is accepted it is also important ev 
that the disease is at variance with encephalitis lethargica for 
no virus has ever been transmitted to sheep from cases of cpide- 
mic encephalitis or from cases of poliomyelitis. Indeed, in our 
experience it has been impossible to infact sheep with herpes 
virus or, for that matter, satisfactorily > demonstrate antibodies 
in the blood strcam of sheep that have received more than а 
dozen injections of herpes-virus emulsion in an attempt to speci- 
fically immunize them, 

What the exact nature of Australian X disease is and its micro- 
bic incitant must be left for future experimental work to decide. 
For the present we must regard this disease as still another 
form of encephalitis, and most probably it is unrelated to en- 
cephalitis lethargiva. 


JAPANESE ENCEPHALITIS: TAKAKI VIRUS, 


In 1924 there was an epidemic of encephalitis in Japan. This 
epidemic occurred in the summer and involved about six thousand 
cases. Various investigators attempted to transmit the disease 
to animals. Takaki(44) has reported that he -succecded in six 
transmissions of the virus of the disease to rabbits with material 
from six fatal cases.. According to this investigator the virus 
is inoculable by both cornea and brain as well as other organs. 
It cannot be cultivated artificially. Takaki states that the symp- 
toms produced in'rabbits by this virus аге not similer to thuse 
induced in rabbits with the herpes virus. Furthermore, cress: 
iminunity tests with ihe Takaki virus and herpes virus show 
that there is n» relation between the two viruses. " 
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А Commenting upon the Japanese discase іп a recent paper’ 
Flexner(i5) states: 


In view of this discordant finding, the question arises whether the Jap- ^ 
anese and the Еогорегг c, ideris diseases ас: pathologiedlly the same. 
е Fortunately thi- question ean be answered. and аррлтегйу in the affirma- 
linieal Ind pathological descriptions which hase been published 
arity. Through the kindness of Proiossr Kimura, of 
the Imp rial Uriversity in Sendai, I beve been encbled to examine spes- 
imens taken from the brain of fate} сазе. These spacimens show patho- 
logical changesjclosjly resembling those found in the brain of Eropeuns 
and Americans who have succumbed to epidemic encephalitis. Th changes 
ог lesions are of txo sorts: mononuclear (lymphoid) infiltrations of the 
blood vascular sheaths and brain tissue, and Jegencration of ganglion and 
elia cells. The distribution of the lesions is also typical. Especial at- 
tention may be drawn to the iesions in the substantia nigra which arc 
prominently present in the Japanese, аз well as in the European cascs of 
the disease, 
' This author calls attention to the virus reported Ьу Kling and 
Liljenquist(46) in Sweden in 1921 which these investigators 
у obtained from a case of epidemic encephulitis. The experimen- 
tal disease produced by this virus produces a chronic patholog- 
$ ical process rather than “an acute process amd in this respect 
differs from all the other viruses which have been reported, 
Some investigators take the stand that Kling and Liljenquist 
were dealing with the virus of spontaneous encephalitis in rab- 
bits, but Flexner states: 

There is no doubt (hat the Swedish cases of epidemic encephalitis are 
identical with the other European and the Ameriean cases, . . , there № 
‘trong reason to believe that the Japanese epidemic disease is of the 
nature of the European and American disease, The essential differences 

» relate to the mierobic,ineitant described by Kling and by Takaki. As 
‚ tested by these discrepancies, the epidemics would have to be regarded 
` вз distimet, The fundamental question raised ђу ве discrepaneies is, 
therefore, whether the experimental findings are not open to (ће suspicion 

+ of not revealing the reat incitant of the epidemic disease. 

SO For the present the Japanese epidemic of encephalitis mu3t be 
i regarded as related to epidemic encephalitis as it occurs in other 
parts of the world. Ite virus is one of the few which has been 
isolated from the brain tissue of human савез af the disease 

* апа is unique in its unlikeness to the herpes virus, 


| T VACCINATION ENCEPHALITIS , 


. Within the last two ор three years there have appeared casas 
of tncephalitis which, have apparently beep related to vaccira- 


++ tion. Таһа and McIntosh, (47) Heymann, (48) Ajdershoff,(49) 7 
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and others have written reports upon this subject. Heymann 
quotes Jenner's observation on the inhibition of the development 
of the smallpox-vaccine pustule in patients with herpes. Turn- 
bull and Mcintosh have reviewed seven cases of encephalomye- 
litis which were definitely connected with vaccination, The only 
virus demonstrated experimentally in the brain and cord was 
а vaceinal virus, The postvaccinal encephalitis develops from 
nine to fifteen days after the vaccination. ? 

Levaditi, Nicolau, and Bayarri(0) regard ‘his form of en- 
cephalitis as the flaring up of a latent virus of epidemic encephal- 
itis already present in the central nervous system. This theory 
is also concurred in by Netter.(51) Bastiaanse, ВУ, and Ter- 
burgh(62) support a similar idea. Fiedler(53) states that fifty- 
two instances of disease of the central nervous system after 
vaccination are recorded, and he believes that vaccination acti- 
vates viruses already present in the system, 

Lucksch(54) on the other hand maintains that encephalitis 
following vaccination is caused by the vaccine virus, Wilson 
and Ford(55) point out that 2 diffuse nonsuppurative encephalo- 
myelitis may occur аз а rare but зресійс complication of variola, 
vaccinia, and varicella. ‘These authors further state that the 
vaccine virus has been demonstrated in the cases of encephalitis 
following vaccinia but not in connection with variola and vari- 
cella. These authors believe that the condition is in reality 
uncommon and that many such cases have been mistaken for 
tetanus. Encephalitis has also been reported in connection with 
measles, mumps, etc. 

Lucksch has suggested the use of the Paul test with spinal fluid 
from these cases, He believes that corneal lesions may be ob- 
tained on rabbits with spinal fluid from these cases which may 
be regarded as characteristic of smallpox virus. 

This question is of special interest from the medico-legal point , 
of view, particularly if the possibility of tetanus infection is 
involved. 


SPONTANEOUS ENCEPHALITIS IN RABBITS 


‘The study of experimental encephalitis in rabbits has been 
complicated by the presence in these animals of spontaneous 
encephalitis. Spontancous encephalitis in rabbits was first noted 
by Bulls) in 1917. Bull was studying the, brains.of rabbits 
inocwiated with streptococci and found‘ focal areas of necrcsis 
surrounded by lymphocytic cells. These areas werenear the 
blood vessels ‘showing a perivascular infiltration extending from 

. tot 
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the meninges. Subsequently Bull examined several hundred 
rabbits having snufites and found one which had acute meningitis 
with perivascular infiltrations within the cerebrum. Reason- 
er@7) in 1916 had noted similar changes in animals that had 
received intravenous injections of syphilitic material. ‘These 
observations indfcated that the stock animals might be originally 
affected by this process and that it bore no relation to the ex- 
perimental proceduzes being studied. 

In 1922 Oliver (58) first spoke of а spontaneous chronic menin- 
go-encephaliiis of the rabbit. This author found about 20 per 
cent of stock animais and animals bought on the market showing 
the changes noted above. The aninlals were in apparently 
healthy condition. During the same year Twort(59) described 
spontaneous cncephalitis in a litter of rabbits that was charac- 
terized by definite symptoms. The onset was insidious, the 
temperature subnormal, the hair fell out, the animals lost weight, 
and there was a discharge from the eves, Later muscular weak- 
ness progressed, the animal developed convulsions, and died in 
coma, Twort and Archer later transmitted the malady to four 
young rabbits and stterpted to link this virus with nephritis 
in animais. 

McCartney (69) found that about half of three hundred sev renty- 
two rabbits examined had such lesions and that in certain groups 
of animals as high as 76 per cent were affected, The lesions 
consisted of perivascular, meningeal, parenchymatous, and sub- 
ependymal infiltrations with mononuclear cells. Here and there 
әкеге focal areas consisting of aggregations of cella. Thesè areas 
were distributed throughout the brain. Necrotie foci were 
found іп 15 per cent of the brains examined. 

Later several investigators made a study of this condition in 
rabbits, among them Levaditi, Nicolau, and'Schoen.(61) These 
authors noted a microórganism in the lesions which they desig- 
nated Encephalitozoon cuniculi, ‘The parasites were found next 
to the subcortical nodules of epithelioid and lymphocytoid cells 
and occasionally үп the brain substance. ‘They appeared to be 
in cysts, and usually twenty to forty microdrganisms were found 
in each cyst. Similar organisms had already been described by 
Wright and Craighead in 1922 and by Doerr and Zdansky. 
Later, in 1924, similar organisms were described by Cowdry and 
Nitholson($2) whọ termed them protozoan-like parakites. 

* That spontaneous enecphalitis exists in apparently айну 
rabbits in an established faci, This knowledge should be cate- 
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feliy considered in connection with experimental studies with 


encephalitis material. 
BIBLIOGRAPHY 


1. Savane, Journ. Cut, Dis. 1 (1883) 253. 

2. Seaton, Trans. Clin. Soe. Landon (1886) 26. 

3. Свовтьв (1913). Cited by Lowenstein, Wien. klin Woch. 32 (1919) 
952. 

Deutsch, opth. Geselischft. (Aug. 6, 1920). 
Deutsch, med, Woch, 48 (1022) 1256. 

4. LOWENSTEIN, Wien. klin. Woch. 32 (1919) 952; Münch. med. Woch. 
61 (1919) 169; Wien. kiin, Woch. 56 (1920) 1222, Kiiu, Monatsbl, f. 
Augenbeilk 64 (1920) 15. 

5. Бебек and Lacoa, Wien. "lin. Woch, 34 (1921) 132 and 261; Zeitsch, 
f. d. gesammt, Exper. Med. 24 (1921) 289. Қ 

6. Branc and Саміхөгвтяо5, Comp, rend. Soc, Biol 84 (1921) 629, 767, 

859; 85 (1021) 2%. 

Kvant, HARVIER, and NICOLAU, Ann. Inst. Pasteur 36 (1922) 63, 

Levanm and Hanvum, Аюп, Inst, Pasteur 34 (1920) 911. 

8. 1лрэсийтт, Arch, f. Dermat. u, Syph. 126 (121) 428. 

9. MCKINLEY and HOLDEN, Arch. Path. and Lab. Med. 4 (1927) 155. 

10. CoopPASTURE and TEAGUE, Journ. Med. Res, 44 (1923) 121. 

21. Пода, Am. Journ. Med. Sci. (1902) 256; (1905) 1012. 

12. Matzory and Writ, Mass, State Board, of Health Reports (1889). 

13. Dogme aed Удситіко, Rev. реп, Форм. 34 (1920) 409. R 

14. Cots and КоттчЕл, Journ, Exp. Med. 42 (1925) 799. 

15. Mckraizy and Порох, Journ, Infect. Dis. 39 (1026) 441, 

16, Le Fivur and MCKINLEY, unpublished data (1924-25). Cited ibid. 

17. PARKER, and Му, Am. Journ, Path, 1 (1025) 237. 

18. Есохомо, Wien, klin. Woch. 30 (1917) 281. 

19. Loews and Staauss, Journ. Am. Med, Assoc. 73 (1919) 1056. , 

20. Ғиса, Journ. Am. Med. Assoc. 81 (1923) 1088, 3185. 

21. Doers and SchxAsER, Ztsehr. f. Hyg, u. Infektionskrankh. 96 (1921) 

29; Schweiz, med. Woch. 51 (1921) 469; 52 (1022) 325. 
Doser and Drncen, Schweiz, med. Woch, $2 (1922) 863. 
23. 2рамвкт, Frnkf. Ztschr. f. Path. 29 (1923) 207. 
Doma amd Zoansxy, Schweiz. med, Woch, $3 (1923) 319, 1180; 54 
(1924) 180; Ztschr. f. Hyg. ч, Infektionkskrankh. 102 (1924) 1. 
21, Scunanes, Klin. Wehnsehr. 1 (1922) 1685; Wien. klin. Wehnschr. 36 
1923) 84. 
25. Koarrscuoxen, Wien. klin, Webnschr. 2 (1928) 285. 
26. BESSEMANS and VAN BOECKEL, Comp. vend. Soc. 6) Biol. 88 (1923) 
1225; 89 (1923) 109. 
VAN Бовскеш, HmssewANS, and NELIS, L'Encéphalito Kthargique, Nos- 
sent & Co, Brussels (1923). 

27, DA FANG, Medical Science 10 (1924) 455. 

28. Решвам, Brit. earn, Exp. Path. 6 (1925) 41. 3 

29, FLEXSER ‘and Axoss, Journ, Exp. Med. 41 (1925). 233, Zif, 357. 

30. Do£us, Zentr. Haut-u, Geschlechtskramkh. 93 (1924) 417; 15 (1924) а, 
f 239; 16 (1925) 481 Centr. Balt L Abt, Orig, 97. suppl, (1921-26) 

" ~ ^" р 


зала MeKinley: Filterable Virus Diseases 181 


31. Parker, Journ. Med, Res. 44 (1923-24) 289, , 
32. ZINSSER and Тахо, Journ. Exp. Мей. 44 (1926) 21. 
31. FLEXXER, Journ. Exp, Med, 47 (1928) 23. 
34. Rosexow, Journ. Infect. Dis. 34 (1924) 329. 
35. Evans and Ғакечан, Pub. Health Rep. 4! (1026) 109# 
36. Evaxs, Pub. Health Rep. 42 (1927) 171. 
37. FREEMAN, Jont. Am, Med, Assoc, 89 (1927) 1317. 
38. Russets, Candad. Med. Assoc, Journ, 12 (1922) 705. 
39. MACCALLUM, Medicine 5 (1926) 59. 
40. Basar and Busacta, Wein. klin. Woch. 3 (1923) 147, 442. 
AL McCmas, Qsler’y Principles and Practice of Medicine, Appleton & 
Co., New Yofk and London (1926). 
42. Куаквокк and CIMAND, Australian Journ. Exp. Biol. and Мед, Sci 
з (1980) 119. > 
45. Сийлкр”апа Caxesess, Rep. Director-General of Public Health, М, S. 
W. (1917) 150-980; Brit. Med. Journ. (Мау 31, 1919) 662; Med. 
Journ, of Aust, (March 22, 1919); Proc, Roy. Soc, Мед. 13 (1920) 
185; Journ. Hyg. 18 (1919) 272. 
Сыламо, Proc. Roy. Soe, Мед, 12, Мо. 9, Sec. Path, (1019) 33. 
44, ТАКАКЬ 2. Immunititsforsch. 47 (1925) 441; Japan Med. World 5 
(2925) 147. 
45. Ғакхнға, Journ. Gen. Physiol. В (1927) 713. 
46. Кыха and Lisesquiss, Comp. rend. Soc, Biol. 84 (1921) 521. 
Kurc, ПАМРЕ, and LijéNQttSr, Comp. rend, Soc. Biol. 84: 815; 85 
'(1921) 823; в? (19227 75. 
47. TURNBULL and Мстытозы, Brit, Journ, Exp. Path. 7 (1926) 181. 
48. Неумамх, Deutsche mod, Wehnschr, 52 (1926) 442. 
49. AipeRSHOFr, Nederl Tijdsehr v. Geneesk. 70 (1926) 207. 
50. Levapir, NICOLAT, and BAYARRI, Presse Médicale 25 (1927) 101. 
51. Маттел, Quoted from Comby, Bull, Soc. Мей, dés Нор. $0 (1925) 1434. 
52. BASTIAANSE, Віл, and Ткарскон, Nederl. Tijdschrift. b. Gengesk. 70 
> ^ (1926) 1067. 
53. Ранил, Ztschr. f. Kinderh. 42 (1926) 336. 
54. Lvcsscn, Deutschr, Ztschr. f. d. ges. gericht. Med. 7 (1926) 203; Med. 
КИ». 20 (1924) 1170; 27 (1925) 1377. 
5$. Witsox and Foro, Johns Hopkins Hospital BUG 40 (1927) 337. 
56. BULL, Journ. Exp. Med. 25 (1917) 557. 
57. Бвлбонвя, Joum, Am. Med. Assoc. 67 (1916) 1799. 
58. Ouiver, Journ, Infect. Dis. 20 (1922) 91. у 
89. Tworr, Vet. Joven. 78 (1922) 194 
Twont and ARCHER, Vet. Journ. 78 (1022) 267; Lancet 1 (1923) 1162. 
60. MCCARTKEY, Bri. Med. Journ. 2 (1924) 1159. 
61. Levapimt, Xicotau, and Зсноєн, Comp, rend. Soc. de Biol. 89 +1923) 


эва, 1152. 
62. Cowory and NicHotsow, Journ. Am, Med. Assoc. 82 (1924) 515, 

R BORNA DISEASE »* x 
* Ewzoónd wxiyco-bwcEPHALONYELEIS OF HORSES ` к» а 


Definit'pn.—Enzobtie meningo-encephalomyelitis of horses "is 
an acute, Wim infectious disease affective the,central nervous 
` 
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‘system. The disease is characterized by multiple lymphocytic 
foci occurring in the nerve substance and in the meninges. Lu 
certain ganglion cells intranuclear formations have been de- 
seribed. А 

History.—1t is doubtful if the disease known as "'seatstroke" 
and described by Wörz in Würtemburg in 1813 was enceph- 
alitis. It is more probable that this disease was cerebro- 
spinal meningitis, as was the disease that Ister, in 1824 to 1828, 
spread through Europe and was described by Franque as “fever 
of the nerves," During the period 1847 to 1869 a similar 
disease was prevalent in the northern American states and was 
described by Liautard.() Later, in 1879, the disease appeared 
in Saxony and was epizoütic from 1883 to 1886. From 1894 
the disease spread with great virulence in some localities and was 
especially malignant around Dorna. From that time it has 
been spoken of as "Borna disease.” А similar condition has been 
described in Hungary and in Belgium, Marcq.(2) The earlier 
studies on the bacteriology and pathology of Borna disease were 
made by Siedamgrotsky and Schlegel (1896),(5) Johne (1896), 
(4) Ostertag (1900),(5) Пежег (1920),(0) Streit (1002),(7) 
Oppenheim (1907),(8) and Christiana (1909).(9) According to 
the histologic work of Dexler and of Oppenheim the disease is 
an inflammatory one. 

Distribution. —The disease has been present in Germany, Hun- 
gary, Relgium, Great Britain, and Russia. In North America 
it has been prevalent in New York, Pennsylvania, New Jersey, 
Minnesota, Kansas, Ilinois, and parts of Ontario. р 

The virus of Borna disease Ману bacterial forms have been 
described as the cause of Borna disease. Streptococci and diplo- 
cocci have been found in the brains of animals having died of the 
disease amd such bacterial forms have not been found in the 
brains of healthy animals. Ostertag has described a streplacoc- 
саз) Borna-streptococci; Lohr(J0) а diplococeus, Borna-diplococ- 
ci; and Joest(11) a diplo-streptococcus, Borna-diplo-streptococci, 
in the brain, spinal fuid, and other tissues of the body in cases of 
Borna disease. Some of the diplocoeci are Gram negative and 
others Gram positive. Others are found partly within cells. 
Ostertag has described them in the blood, liver, and urine, but 
only in а few cases were they present in the brain, In cultores 
they, grew in short chains and in bouillon preduced dense cloud- 
ing.” They grew on both acid and alkaline media and in medis 
which contain ammónia or saltpoter. ° , «¢ 
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The Borna streptococcus is not pathogenic for laboratory’ 
Animals, Horses, sheep, and goats have developed symptoms 
quite similar to Borna disease when injected subdurally in sev- 
eral instances, but the results are not uniform, According to 
Ostertag injections of this organism under the skin, into the 
nasal cavity, thè eyes, the cars, and into the digestive tract 
produce no effect. Joest advanced the theory that Borna di- 
sense is due to a fixerable virus because of the appearance of 
intranuclear inclusions in the ganglion celle. In view of this the 
causative agent fs to be regarded as a parasite simila 10 the 
Chlamydozon of Prowazek. 

Та recent, years the theory that Вота disease may be due to 
а filterable virus has gained weight in the experimental work 
of Moussu,(12) Zwick and Seifried,(i3) Beck and Frohböse, (14) 
and of Ernst and Hahn, (15) all of whom believe that the causative 
agent in this disease is а filterable virus, Transmission in series 
of a filterable agent obtained from cases of Borna disease, when 
injected intracerebrally, has been obtained in the horse, sheep, 
rabbit, guinea pig, rat, and fowl, 

Moussu, as well as Migssner,(16) has shown that спзобЫе en- 
cephilomyelitis of вһее/ is due to a virus which is analogous 
to the virus that affects horses. This has been confirmed in the 
work of Beck and Frohböse. “Ernst and Hahn have isolated 
from cases of enzoütic encephalomyelitis of cattle and from 
malignant catarrhal fever a virus closely related to if not identi- 
cal with that previously isolated from Borna disease in horses. 
"The viruses under study at the present time are the Zwick virus, 
isolated from Borna disease in horses, and the Miesaner virus 
which was isolated from a sheep. In a recent publication Ni- 
colau and Gşlloway(17) have described their experiments with 
these viruses. 

According to these authors the virus when centrifuged for 
five to fifteen minutes at 5,400 revolutions рег minute is still 
found to be present in the supernatant fluid, Тһе virus in de- 
stroyed when схрозед to the action of ultra-violet light for five 
minutes, though the distance at which the rays are permitted to 
act is not stated. Nicolau and Galloway #eport that cross im- 
munity experiments with the Zwick virus and the Miessner virus 
aro positive. The Zwick strain, according to their experiments 
with rabbits, will'protept against one thousand infective Zasas 
of the Migssner strain, The incubation period in rabbits varies 
with the individual susceptibility of the onimal,,the age and 
the зеңді teing the’ sale factors. For rabbits’ weighing 1,500 
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trams and over, the incubation period with the Zwick virus 
ranged from twenty-cight days to thirty-six‘ day 
Miessner virus the period of incubation was thirty days based 
upon twelveczabbits, for guinea pigs nineteen to one hundred 
thirty days, for mice thirty-seven to one hundred twenty-five 
days. The virus is not infective for guinea pigs when injected 
into the epithelial pads of the metatarsal region as is the case 
with the virus of foot-and-mouth disease ant! of herpes. These 
authors found that passage of the virus of Borm diszase through 
guinea pigs apparently enhances its virulence lor rabbits since 
rabbits died following the injection of such a virus after nineteen 
10 twenty-one days and the lesions were most intense- Monkeys 
(Macacus rhesus) were found by them to be susceptible to the 
virus, the first symptoms of the disease appearing after fifty- 
seven days, and sixteen days later the animal died showing defi- 
nite post-mortem signs of the disease, The ferret was found to 
be refractory to the virus. 

In rabbits that had died of Borna discase definite histologic 
changes were noted by the above authors, There is a mononu- 
clear meningitis and a perivascular and'parenchymatous ihfiltra- 
lion. These infilterative cells are monortaclear in type with oxy- 
philic corpuscles in the large ganglion cells of the cornu ammonis, 
These correspond to those described by Joest and Degen(18) in 
1909. Nicolau and Galloway further noted a ganglioradiculitis, 
peripheral neuritis, and they suggest the name "satellitism" for 
lesions occurring in the medulla oblongata, mid-brain, and spinal 
ganglia, 
and infiltrating mononuclear celis. This satellitism, so they 
state, may go so far as to constitute true neuronophagia. The 
stages and forms of degenerative processes described by these 
authors arc oxychromasia, chromatolysis, karyolysis, and vacuoli- 
zation of the cytoplasm. Neuronophagia may even occur in the 


anterior horns of the spinal cord. In the paravertebral ganglia ” 


neuronophagia is more frequent than in the central nervous 
system proper and is comparable to that seen iá poliomyelitis in 
monkeys. Mononuclear and perivascular infiltration was ‘also 
noted in the nerve rots and descending peripheral nerves. 
The corpuscles of Joest and Degen (intranuclear oxyphilic 
formations) were: found in cells that presented a marked rari- 
figation of the karyoplasm. Ав in the case of Negri bodies these 


also in evidence in the pyramidal cells of the cerebrum, medulla, 
anterior horns dé tha'spinal cord, and in the nerve 718 of the 
pA ION 


For the 


which consist of neurons surrounded by neuroglial cells’ 


жеге not found in degenerated célls, These bodies were" 
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spinal ganglia. Cysts were aiso found in about 5 per cent Jf 
the cases in the large ganglion cells of the cornu ammonis. The 


histologic changes in experimental Borna disease in guinea pigs, , 


rats, mice, and monkeys were practically identíco) with the de- 
scription given above for the rabbit. Similar changes are noted 
in the natural disease as it occurs in horses. 

A form of encephalitia is also found in human beings and has 
been described in 5ther animals such as the shcep and the goat. 
At present (there is no evidence suggesting any relationship 
between Borna disease and encephalitis in human beings, though 
several of the histologic changes appear to be similar and au- 
thorities әуе agreed that encephalitis \а human beings is prob- 
ably a filterable virus. (See previous section.) 

Symptoms in Borna discase.—Noack(19) in 1908 observed 
symptoms of Borna disease in a horse nine days after the ani- 
mal had been introduced into an infected district. The exact 
period of incubation in the natural infection is unknown. The 
incubation period in the experimental disease has already been 
mentioned. The disease may begin with digestive disturbance, 
loss of appetite, jaundice, colic, catarrh of the pharynx and 
respiratory tract, perils of excitement and dullness, and in 
some cases spasms in the muscles of the head. There may be 
squinting, grinding of tecth, unequal dilatation of the pupils, 
spasmodic clevation of the ale of the nostrils and lips, spasms 
of the neck muscles in which case the head is drawn back, spasms 
affenting the extremities, and in some cases there is а marked 
opisthotonus. There is а hypereesthesia and markedly imereased 
reflex irritability. Symptoms of paralysis appear early, The 
animal is at first lame and shows weakness of the limbs, Para- 
plegia or hemiplegia may develop. The rise in temperature із 
not high, the highest reported being 4L6^ C. Usually the tem- 
perature remains around 39°C. Respiration and heart rate 
may be moderately increased. Emaciation is noted only iate 
in the disease and then in only a small percentage of cases. 

In experimen’) infections with the Zwick or Miessner virus 
in rabbits, Nicolau and Galloway noted a loss in weight, even 
to onc-half the original weight of the animal, a subnormal tem- 
perature preceding death, and 2 marked increase in the mono- 
nuclear lymphocytes. 2 

"Animals suscevtible to the virus of Borna disenle.—Horses, 
+ sheep, rabbits, rate, mice, guinea pigs, monkeys, and Fotis 
may be ваја {о be Susceptible to this vius, Ernst and Hahn 
believe that deer may also become spontantously affected. It is 
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probable that in the fature other species may also be found 
susceptible to the virus, . р 
Immunity in Borna, disease.—As has already been mentioned > 
artificial immunity may be produced in rabbits with either the 
Zwick or the Miessner virus. Cross immunity was positive 5 
between these two viruses. There із no report'as to how long 
such an immunity persists in experimenta] animals. í 

In the natural infection among horses chservation hos led 
to the opinion that there is little, if any, immynity afforded by 
an attack of the disease, Later attacks may ó»cur in animals 
that have recovered from a previous attack of the disease, No 
serum or vaccine has been prepared which is of аду value in 
immunizing animals against this disease, 

Control measures for Borna disease.—Isoiation and quarantine 
measures aro indicated for the control of this disease. Special 
attention should be given water and food supplies and if neces- > 
sary pastures should be changed. " 
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POLIOMYELITIS: INFANTILE PARALYSIS. * 
У ACUTE ANTERIOR POLIOMYELITIS 


Hefinition—infantile paralysis is un acute, systemic, infec- 
tious disease, occurring both epidemically and sporadically, and 
is caused by a specific filterable virus. The virus of poliomye- 
litis attacks the nervous system and may affect every part of the 
cord, although it is prone to localize in the anterior horns of the 
gray matter. The/bosterior horns, however, may be seriously 
involved. In sozde instances the brain itself may be affected, 
the changes аз а rule being more pronounced in the base of 
the brain. Sfmptoms of spastic paralysis indicate that the 
meninges are elso involved in certain cases. 

History.— Poliomyelitis has undoubtedly existed since ancient 
times. To Underwood їз generally given the eredit for the first 
description of this disease. We have been unable to read the 
book “A Treatise on the Diseases of Children," published by this 
author in 1784, but we are told by Vaughan who has studied 
his work that this author undoubtedly described infantile рага- 
lysis at that time under the title “Debility of the Lower Extre- 
mities." Until recent yrÁrs poliomyelitis was not recognized as 
an infectious disease. ‘fhe literature of the Jast century spoke 
of this disease as the Heine-Medin disease because Heine(t) in 
1840 definitely established the disease as а clinical entity, and 
Medin{2) in 1890 was the first to study carefully an epidemic of 
the disease and describe its various clinical manifestations. 

‘The first outbreak of infantile paralysis in the United, States 
in 1894 was described by Сахегђу (2) This epidemic occurred 
in the state of Vermont. The first reported epidemic of this 
disease had occurred in Sweden іп 1881, the disease appeared 
the next year in Italy, and in 1896 small oxtbreaks were noted 
in Germany, France, and Norway. During the decade 1890 
to 1900 there were minor outbreaks of the discase in Italy, 
France, Australia, England, and the United States. The cpi- 
demic at Rutland, Vermont, in 1894 consisted of 132 cases. Be- 
tween 1900 and 2930 epidemics of the disease increased in pro- 
portion and severity. The disease was practically panderaic in 
Norway and Sweden from 1903 to 1907. 'From 1907 to 1910 
large epidemics occurred in several of the Eastern and Mid- 
western states ineluding New York, Massachusetts, Iowa, and 
Minnesota.” At the same time the disease was endemic in varjoys 


"раМв of Europe. Up to 1910 the United Siates had contributed 


over five thousand of abont eight thousand cases which had been 
ога AN various parts ot the world. (4^ "Rospniu states that 
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‘from 1910 to 1914 there were over eighteen thousand cases of 
this disease reported in the United States апа during 1915-16 
there were thirty-one thousand five hundred more. In 1916 
alone this avthor states there were twenty-nine thousand cases 
and six thousand deaths resulted from this disease. New York 
City reported in this epidemic nearly nine thoitsand cases with 
over two thousand four hundred deaths. 

Distribution.—Poliomyelitis is essential? a warm-weather 
disease, yet cases are exceedingly rare in «opical countries, 
It docs occur in the Tropics, however, but never’in epidemic pro- 
portions. The disease also occurs in cold countries, as evidenced 
by the epidemic in Iceland in 1924. The greatest. number of 
cases are reported during the summer months. As а rule the 
disease is manifested only by sporadic cases during the winter 
months, although cold-weather epidemics have been reported 
(Sweden, 1911). 

Epidemiologists state that infantile paralysis is usually more 
prevalent in sparsely settled communities than in the largo cities, 
Its incidence was extremely high in New York City during 1916, 
but as а rule it is highest in rural comnjunities. From available 
statistics males are slightly more susctptibie than females and 
95 per cent of cases are found in children under 10 years of age. 
In the New York City epidemic in 1916 the case mortality rate 
was 26.96 per cent. 

The virus of potiomyelitis.—In 1905 Geirsvold(5) isolated cer- 
tain bacteria, especially cocci, from spinal fluids and tissue speci 
mens їгот cases of infantile paralysis. In 1909 Landsteiner 
and Popper(é) attempted to infect monkeys with emulsified 
spinal cord obtained from a child who died qn the fourth day of 
an attack of infantile paralysis. Both monkeys were injected 
intraperitoncally, and one monkey died on the eighth day follow- 
ing the inoculation. The second monkey developed paralysis 
on the seventeenth day and was sacrificed for study on the nine- 
teenth day. Two monkeys were inoculated with cord emulsion 
from the second monkey, hut apparently neithgr was affected by 
the injections. 

While Landsteiner and Popper were unable to transmit the 
disease from monkey to monkey they were able to study carefully 
the anatomical changes produced in the first two monkeys. The 
examination of the cords of these two animals showed the різ 
16 Bê infiltrated with small, round, deeply-staining cells chiedy" 
along the anterior mtdian fissure. The sübstance of, the cord 


exhibited aréas. of inflammation chiefly jn the en area, 
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These areas consisted of perivascular infiltration and diffuse infil- 
"tration into the ‘substance of the cord, Hæmorrhages were also 
nojed in the gray matter. These lesions were found also in , 
the medulla, pons, and brain stem though not хо Апіепзе. The 
ganglion ceils of the anterior horns also showed evidences of 
invasion and dtgencration, The lesions in the second monkey 
were similar but more pronounced in the lumbar region. Hæ- 
morrhages were ascent and there were fewer infiltrating poly- 
morphonuclear LÁicocytes in the cord substance, 

About the 50: time Knoepfelmacher (7) reported thé success- 
ful ітапетізе п of this disease to a monkey in Vienna. This 
animal waz algo injected intraperitoncally and developed symp- 
toms of paralysis on the twelfth day, А second monkey injected 
with material from the first monkey remained unaffected, al- 
though the histologic findings in the first animal agreed with 
the description given by Landsteiner and Popper. During the 
same year Landsteiner and Levaditi,(8) Leiner and Wiesner,(9) 
and Römer (10) succeeded in transmitting the virus of poliomye- 
Nitis by the intracerebral route to monkeys. Landsteiner and 
Levaditi also gdemonstr ted that the virus is filterable, a fact 
whith, unknown to ай at the time, had been learned by Flex- 
ner and Lewis in the United States. Leiner and Weisner also 
found that paralysis resulted following the injection of the virus 
into the intestine or stomach. 

In 1909-10 Flexner and Lewis(11) demonstrated independently 
thatthe infectious agent in poliomyelitis is a filterable virus. 

' These authors were able at will to infect monkeys with bacteria- 
free filtrates by both subcutaneous and intracercbral inoculations, 
They were also able to pase this virus from monkey to monkey 
by means of, filtrates and in this way study the incubation period 
of the disease in this animal, the clinical forms of disease, and 
the anatomical changes produced by the virus. Under the 
dark-field microscope Flexner and Lewis observed innumerable 
bright, dancing points that when stained with освета flagella 
stain presented minute roundish or oval particles which were 
absent in filtrates prepared with normal rabbit spingl-cord 
emulsions. , 

Flexner and Lewis used for material the spinal cords from 
tyo cases of infantile paralysis in human bres One patient 
had died on the.üfth or sixth day of the disease, the second 

' saccumbed on the fourth day. The spinal cord obtained from 
the latter case conthined wide-spread leslons affecting both the ¢ 
gray and he white matter. Sixteen hours after Heath the cord 
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was emulsified and injected intracerebrally into monkeys. Symp- 
toms of the disease began to appear in from six to forty-eight’ 
hours before paralysis developed. Symptoms of paralysis were 
found to devalap in from four to thirty-three days with an aver- 
age period of about nine days. Altogether these authors in- 
fected eighty-three monkeys in their first stedy. Flexner and 
Lewis found that the virus of poliomyelitis, in common with 
many other filterabie viruses, resists the action of glycerin for 
at least seven days and also resists drying owr caustic potash 
for the sume period. They also demonstrated Mat the virus of 
poliomyelitis retains its virulence when kept constantly frozen 
at —2 to —4° С. for at ichst forty days. The virus ic destroyed 
in the filterate when heated for half an hour at 45 to 50° С. 

Of eighty-three monkeys (of several species} infected with the 
virus of poliomyelitis by Flexner and Lewis only six failed to 
develop paralysis. These authors believe that they have detected 
some evidence of immunity in monkeys which had been рге- 
viously infected and at least partially recovered, and were then 
reinoculated, They state that "in no instance did the second 
inoculation produce a frank renewal ofthe disease or appear to 
retard the progress toward recovery.” Ма other experiments а 
heated vaccine prepared of infected spinal cord was tried for 
preventive purposes but in each case failed to protect the animai 
when given simultaneously with the test dose of virus. 

The virus of infantile paralysis remained to be cultivated. 
Flexner and Lewis noted the clouding of serum bouillon when 
a Berkefeld filtrate of the centrai nervous-system tissues of polio- + 
myelitic monkeys was added to it; an observation that was 
confirmed by Levaditi,(12) but which proved to be due to protein 
precipitate and not to virus. In 1918 Prooscher(13) found in 
stained smears from the nerve tissue of poliomyelitis-infected 
monkeys certain coceuslike bodies 
deserjbed in rabies and their precise nature is unknown. They 
have not been found in poliomyelitis material taken from human 
cases. 

In 1913 Flexner and Noguehit!4) described the cultivation of 
the virus of poliomyelitis. The medium consisted of human 
ascitic fluid to which was added a fragment of sterile fresh 
tissue. In the initial cultures the exclusion of oxygen is neces- 
sary, but it is sufficient to cover the liquid with parafin ой for 
this ‘purpose, Also cultures were obtained without fresh rab-' 
* bit tissue by using fragments of poliomyetitic brain ўз ascitic 

' fluid. Brain -tissue extract and sheep-serum water e nearly 


Such bodies have also been ` 
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as well as ascitic fluid, especially when fresh rabbit tissue wi 
added to the medium. 

је virus of poliomyelitis stains by both the Giemsa and the 
Gram method, and in stained smears it appears as variable 
numbers of minute globoid bodies, arranged in pairs, or short 
chains, or in sall aggregated masses. In the fluid culture the 
pairs and chains predominate. Once growth has been obtained 
in fluid medium, sybeultures can be made to solid medium con- 
sisting of agar, Ше fluid, and a fragment of sterile tissue. 
On solid medivA the organisms develop as pairs and ds aggre- 
gated groups, / Cultures of the poliomyelitis virus were obtained 
by these 2athors from fresh poliomyelitic brains (monkeys), 
from filtrates prepared from infected brains, and from glycerin- 
ated poliomyclitic brains. 

The individual organisms average about 0.2 micron in dia- 
meter. The limits of visible bodies are 0.15 to 0.3 mieron. 
The minute globoid bodies usually appear in cultures by the sixth. 
or seventh day. Growth begins slowly but increascs rapidly 
later on and is usually complete by the eighth to the twelfth дау. 
The cultures remain unchanged for several days in the incubator 
and are preserved for séveral weeks in the ісе box, 

The virus of poliomyelitis is sensitive to ordinary disinfectants, 
being destroyed by a 1: 500 solution of potassium permanganate, 
1 per cent menthol in oil, 0.5 per cent salol 5 per cent boric 
acid, and 1 per cent hydrogen peroxide. The virus remains 
virnent in milk and water for about thirty days according to 
Levaditi and Pasti.(15) 

Incubation period —The incubation period is usually short, 
from one to three days, up to fourteen days, with many instances 
of seven days. Aycock and Баќоп(19) have studied the discase 
in families, and judging from sccondary cases which became 
infected they estimate the incubation period at ten te eighteen 
days with the average at fourteen days. Тһе experimental 
disease in monkeys demonstrated in the hands of Flexner and 
Lewis an average incubation period of 9.82 days. This was cal- 
culated from the time of inoculation until the first symptoms 
of paralysis occurred. It is not thought that the incubation 
period in human beings varics much from that in monkeys. 

Symptoms.—In monkeys there is no immediate effect following 
the inoculation. „Nothing unusual is noticed until six to forty- 
eight hours preceding the onset of paralysis. The animais’ then 
may show certain prodromal manifestations. These consist of 
servos and excitability, tremor of Dd heed, ‘face, or limbs, 


, 
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shifting gaze, hairs somewhat erect, and the animals prefer to 
remain quiet. The paralysis develops suddenly, Flexner and 
Lewis say, "In general it may be stated that any of the larger 


* groups of voluntary muscles may be first involved.” In eighiy- 


one animals inoculated by these authors forty monkeys developed 

paralysis in the left leg, twenty-one in the left-arm, ten in ай 
four limbs, and cight monkeys showed bulbar and cerebral symp- 
toms. With the development of paralysis in a large group of 
muscles, other muscles may be found weak 6, paralyzed. The 
paralysis is associated with marked іпсобғаіпаков resulting im 
violent pseudoconvulsions; epileptiform convulskns with tonic 
and clonic muscle spasms, and finally, according to’ lexner and 
Lewis, sudden death of the apoplectiform type. These authors 
state that death has occurred within thirty minutes of the first 
appearance of cerebral symptoms. 

in the naturally occurring disease in human beings the disease 
comes on suddenly and is characterized by fever, irritability, and 
in many cases with nausea and vomiting. Paralysis usually 
appears within three or four days. In some cases the paral- 
ysis is the first symptom noted; abortive attacks without paral- 
ysis may occur in epidemics. During (pe acute stages of, the 
disease the spinal fluid contains an increased number of cells, 
usnaliy two hundred or more, and an increase in globulin. Paral- 
ysis usually remains stationary for а few weeks, improvement 
is gradual, but in some cases recovery takes place within a few 
months. Residual paralysis is usually permanent, but improve- 
ment may follow with proper treatment. 

Animals susceptible to the virus.—Man is apparently the na- 
tural host for infantile paralysis. Monkeys of many different 
kinda are susceptible to the virus. Flexner and Lewis were 
unable to infect guinta pigs, rabbits, horses, calves, goats, pigs, 
sheep, rats, mice, dogs, or cats with this virus. Man and mon- 
keys alone remain ausceptible. 

Trvkunity.—One attack of infantile paralysis confers a high 
degree of immunity. Second attacks have been reported but are 
rare. As mentioned above Flexner and Lewis found that mon- 
keys which had recovered from an attack of the disease were 
immune, The serum of immune monkeys possesses virucidal 
properties for the virus in vitro, There is no racial immunity 
to poliomyelitis; th: majority of cases have occurred ip whites. 
У: preparations of infected nerve tissue have been tried for . 


, vaccination, such as desiccated cord, heated cord emulsions, and 
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+ chemically treated emulsions. None of these has bcen зай 7 
^ — sjently established to warrant its use in human beings, A serum 
‚ in horses has been prepared but its preventive and treatment 
quañties have not been studied sufficiently to make any state- ^ 
ment regarding its use, 
Recently Shaw and Thelander(23) have reported the intra- 
‚ muscular usc of convalescent serum in the treatment of polio- 
myelitis. These authors studicd a series of eighty-one cases 
of the disease of wyich forty-three received convalescent serum 
intramuscularly géring the active stage of the disease, They 
conclude that 492 use of convalescent poliomyelitis serum early 
in the cours the disease із of distizct value provided sufi- 
ciently large doses are used, and, if necessary, repeated doses of 
potent serum are administered. That the results as pointed 
out by Shaw and Thelander are in linc with scientific investiga- 
i „ tions is brought out іп a paper by Flexner and Stewart(24) 
who state that the employment of convalescent serum in the 
early treatment of human cases of poliomyelitis is based on 
О decisive experiments in monkeys. These authors state: 


These experiments are divisible into two classes, іп апе of which proof 
a was brought that the virus ¢/ poliomyelitis and convalescent serum mixed 

im vitro does not produce experimental poliomyelitis, and in the otber of 
which it was shown that under controlled experimental conditions the 
intrameningeal injection of the convalescent serum, even as late as from 
eighteen to twenty-four hours after an intracerebral injection of the virus, 
suffiecd to prevent an olherwise certain development of the paralytie ex- 
perimental disease, 

, Flexner and Stewart make a plea that should poliomyelitis 

occur in individuals previously injected with convalescent serum 

‚ it is to be hoped that the facts will be published for future 
+ guidance and information. Ав in the case of some of the other 
d >  fiterable viris diseases it begins to appear that convalescent 
serum in poliomyelitis may prove a means of successfully treat- 

. ving and preventing the spread of this tragic condition. 

"010 Transmission.—There are many theories regarding the trans- 
mission of this disease. There is evidence that the disease is 
spread from person to person and that healthy carriers of the 
virus may exist. Flexner and Amoxs(17) have shown that the 
virus is present in the nasopharynx of both monkeys and human 
cases of infantile paralysis early in the course of the disease. 
Other investigators, have also found the nasopharynx o? monkeys 
infected following experimenta! inoculation (Osgood and Lucas)? 
Rosenau, Sheppard, and Атповв(18) were uwable to demonstrate 
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“the virus in the nasal or oral cavities in convalescent cases, 
Amoss and Taylor (19) were able to produce infection by placing 
the virus upon this membrane. р 

Other theories of transmission have been considered; such as, 
the insect-borne theory, milk-borne infection, air-borne theory, 
the animal-reservoir theory, transmission throdgh wounds, ete, 

Rosenau and Brues(20) have demonstrated that the virus may 
be transmitted from monkey to monkey through the bite of the 
stable бу, This work was confirmed by Andb;son and Frost.(21) 
Epidemics have been described as being ^od infected milk 


supply (1925 and 1926). It is possible to indie infection by 
way of the gastrointestinal tract, but it is not nought that 
infection usually takes place in this way. Neustaedter and 
Thro(22) have been able to induce infection in monkeys with 
dust collected from sick rooms and suggest this mode of trans- 
mission in certain cases. There is at present no evidence of a 
possible animal reservoir for the virus of poliomyelitis, and 
the theory of infection through wounds possesses nothing in its 
favor. It seems best to regard poliomyelitis as a contact disease, 
though many of its features cannot be explained upon this basis. 
Future epidemies may yield more-definite information upon this 
point. 

Pathology.—The anatomical changes found in monkeys have 
already been briefly described. In human beings the lesions are 
not only in the nervous tissues but also in the parenchymatous 
organs and lymphoid structures. In the nervous system the 
virus Attacks the meninges particularly of the cord and medulla: 
There is a cellular inflammation of the pia most marked around 
the blood vessels. The wails of the vessels are also infiltrated 
and their lumen narrowed. The vessels entering the nerve tissue 
are also affected, Anemia, edema, and hemorrhages result. 
The secondary degenerative changes in the nerve cells of the 
pons, medulla, cerebrum, and cord are secondary to the lesions 
in the vessels. Transient paralysis may be due to cedema ог 
temporary vascular obstruction from pressure Permanent ра- 
'sis is Que to degeneration and actual destruction of the gang- 
lion cells. Any part of the central nervous system may be 
involved. The symptoms depend upon the extent of this invol- 
ment. The changes are chiefly in the gray matter of the anterior 
horns and consist of acute degeneration. Tbe nerve cells may 
disappear entirely, being replaced by letcocytes. Round-cell-in: 
filtration may be noted in the posterior horns, the columns of 
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Clarke, and the white matter of the cord. Similar changes at 
also noted in the’spinsl ganglia. Also in some cases similar le- 
+ sions may be found in the pons, medulla, cerebellum, and cere- 
brum. Jn other organs lesions such as bronchopreumonia and 
acute parenchymatous degeneration of the liver and kidneys may 
be found. The*thymus, Peyer's patches, and the mesenteric 
lymph glands may be swollen. At autopsy gross changes are 
found in the spinaj cord, ganglia, and muscles, The affected 
part of the cord náy be smaller than normal, the anterior nerve 
roots are degengrated, the affected muscles atrophied, "The af- 
fected limb Df be shorter and the bones may be smaller than 
those on th“hormal side. д 
Prevention. "Isolation of cases of this disease is indicated. 
АН discharges should be properly disinfected. АП articles with 
which the patient has come in contact should he sterilized. Visi 
tors should not be permitted. Prophylactic Pasteurization of 
milk is indicated. In general common-sense methods of pre- 
vention apply. No definite program has been formulated by 
epidemiologists for the prevention of this disease, and prob- 
ably лепе will be until more exact knowledge of its spread and 
transmission is availabl/. 
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DISTEMPER қ 

Doo 1145 PASTEURELLOSIS CANTS, MALADIE DES СНИ 

AGE (FRENCH); SrAUPE DER HUNDE (GERMAN: 
тихо (МАМАМ) ۳ 

Definition—Distemper is an acute, contagious disease оГ 
young carnivorous animals. It is characterized by fever, acute 
catarrh of the mucous membranes, often followed by a catarrhal 
pneumonia and in some cases by involvement of the nervous 
system. 

History —Distemper is said to have been introduced into 
Europe from Asia or Peru in the cighteenth century. Since 
that time this disease has appeared in aU parts of the world but 
is still present еһісбу in European сөшісгіев. In 1905 Саггё(1) 
established its etiology as а filterable virus, but Ferry(2) and 
MeGowan(s) Jater described a bacterium as the cause of the 
disease and the true etiological agent has not been definitely 
decided. There is a general feeling on the part of investigators, 
however, that the causative agent is а filterable virus. — 

Distribution of distemper—The distribution of this disease, 
is now quite general ail over the world. The disease has been 
reported in praclically every part of Europe, in North America, 
South America, Asia, Malay States, and the Philippines. 

Incubation period.—The incubation period in artificial infec- 
tion rangcs from three to four days. It is somewhat longer in 
natural infection and is said to be as long as two wecks in some 
cases. 

Symptoms.—In the paracute form of the disease the symptoms 
come on suddenly. There is marked depression accompanied 
by hikh fever, and „the animal becomes quickly exhausted. 
After two or three days the temperature becomes subnormal, 
the animal becomes comatose, and death soon follows. 

In the acate forfa the temperature rises to 40° С. оғ more abd 
тела л5 fairly high for one or even two wceks, It may, however, ı 
fah within a few days: If pneumonia develops the temperature 
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„goes up again and {айз to subnorma? just before death. The 


animal at first becomes depressed, will not play or obey calls, 
anil its appetite is impaired or lost altogether. "The hair is > 
roughened, and sudden noises startle the animal^and he trem- 
bles all over. „Ап acute catarrh of the respiratory passages 
develops, and the animai develops an itching sensation ол the 
nostrils. The discharge, which is first scrous but later purulent, 
is very irritating and may be streaked with blood. A cough 
develops which indicates involvement of the larynx and bronchi. 
Vomiting тау, Нож, and respiration becomes difficult and very 
rapid due te Бе short excursions of the diaphragm. As pneu- 
monia бечебре, саіагћаї murmurs are heard over the chest wall, 
The eyes ате frequently involved in the catarrhal process. They 
become swollen and finally shut. Keratitis and iritis may follow, 
the cornea becomes congested and the pupils become constricted, 

The intestinal catarrh develops carly and may at first give 
rise to constipation and later to diarrhea. The stools may be 
streaked with blood and mucus. The urine may contain albumin 
and casts, 

The ‘nervous system jj usually involved, and these symptoms 
may dominate the entire picture of the disease. Though the first 
symptom may be depression, the aminal has periods of marked 
excitement. Local and general muscular tremors and clonic 
spasm develop at times simulating epileptiform fits, These at- 
tacks exhaust the animal and usuaily lead to coma followed by 
,deatit, Тһе convulsions may become less frequent and finally dis- 
"appear, but the animal is left with various degrees of paralysis 
of the extremities or local areas such as one side of the face, ete. 

In about half об ће cases a pustular exanthema develops on 
the skin. These lesions may involve partitularly the orifices of 
the body and due to irritation may develop into ulcers that are 


, slow in healing, A generalized septic condition may foliow the 


appearances of ulcerative lesions. As death approaches the 
animal becomes very emaciated; it passes into coma and dies in 
convulsions, °’ 

Animals susceptible to the virus of digtemper.— Dogs: par- 
ticularly young dogs, are chiefly affected with the virus of dis- 
temper. Older dogs are not very susceptible, and this is thought 
torbe due to the fact that they have experierted a form of the 
disease when they were younger. The susceptibility of cats 
'is'not high. Horses are said to be affected with distemper, ~ 
but the ryatioa of the virus of distemper in dogs and the virus > 
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of distemper in horses is not altogether clear, For the most 
part this disease may be considered a disease of dogs, and in 
all languages it is spoken of as dog sickness, ' 

The virus of distemper.—Tho opinion of Carré that distemper 
js caused by a filterable virus has already bien alluded to. 
Carré's experiments have been confirmed by Lignieres.) Ас. 
cording to Carré the virus і present in the nasal discharge and 
in the blood early in the course of the disease, If such material 
is filtered and injected into a susceptible animal typical dis- 
temper is produced. Injected animals are fou to have their 
pericardial sacs filled with a yellow serous fluid; Sed this fluid, 
if filtercd and injected into other susceptible animals, is capable 
of producing the disease. Sinigagliats) and Babes and Star- 
covici(G) have demonstrated small bodies, that measure from 1 
to 9 microns in size and closely resemble Negri bodies, in the 
epithelial cells of the respiratory tract, in the conjunctiva, in the 
Purkinje cells, in the nerve cells of the spinal cord, and in the 
ependyma cells of the walls of the ventricles. These authors 
helieve these bodies to be parasites which develop from the virus 
granules. Standfuss(7) and Lentz(8) Hove also described hodies 
that they designate “distemper bodies,” which are found in the 
nerve cells and outside of them, Other authors regard these 
bodies as degencrated nerve celis. 

Ferry states that the nasal mucus of dogs affected with dis- 
temper contains a small, Gram-negative bacillus, and that this 
organm is found in the blood of affected animals in about 12, 
per cent of cases. The introduction of this organism into the 
nasal cavity resulted in a disease closely simulating distemper. 
Animals naturally resistant to distemper were also resistant to 
this organism, and ‘animals infected with this organism were 
later found to be immune to the natural disease when exposed 
to itin other animals. Serum from naturally infected dogs ag- 
glutinated this bacterium in a dilution as high as 1: 800, the same 
as the serum from artificially infected dogs. | 

While this is strong evidence for the bacterial nature of this 
disease, it must be r2membered that normal dogs harbor many 
kinds of bacteria which are not concerned in any disease process. 
Jensen(9) has found streptococci, staphylococci, and a bacillus 
similar to the influenza bacillus in normal doge. Piorkowski(0) 
Ваз described “a slender capsulated bacillus in the tissuesrof 
healthy dogs, and Lijmieres has demonstrated a small bipolar 
ovoid bacillus az а riormal inhabitant. í 
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Since filtrates from the nasal secretion are capable of produc? 
“їп the disease in susceptible animals opinion must lean to the 
»  filtgrable virus nature of the disease, According to this concept 
thé bacterial form that has been described must be considered 

as a secondary invader. 

The infection occurs through direct and indirect contact with 
infected animals. Infection may occur through the ingestion of 
food and water contaminated with the virus, and in addition 
there is evidence that it may occur by way of the respiratory 
tract, (Kelser,(t1)) e 

The virus o//canine distempter is very susceptible to antisep- 
tics and is Aéstroyed within twenty rAinutes after exposure to 
58° С. t 

Immunity in canine distentper.—One attack of the disease con- 
fers a lasting immunity. Younger dogs are more susceptible to 

» infection with the virus of distemper than are older dogs. AN 

attempts to produce a vaccine for preventive measures or а 

serum for curative use have failed, The best these products can 

hope to offer at present is to increase the normal resistance of 
the animal by stimulating in a small measure the normal resist- 
‚ іш powers in the sense òf nonspecific protein therapy. 

Pathology.—The most notable anatomical changes in distem- 
per occur in the respiratory organs. The mucous membranes 
are covered with a seropurulent exudate and small purulent 
plugs may be expressed from the lung tissue. In most cases 
thers is a catarrhal pneumonia. The pericardial sac is filled 
swith а yellow serous fluid. The pleura may be covered’ with a 
fbrinous exudate. There is acute catarrh of the mucous lining 

. of the gastrointestinal tract and ulceration may take place. The 
1 liver and kidneys show parenchymatous degeneration, The eyes 
in addition to the catarrhal condition may show keratitis and in 
rare cases а panophthalmitis. Dexler(12) describes the changes 
У in the nervous system as consisting of а marked myelitis and 
poliomyelitis. The inflammatory foci are present everywhere 

in the nervous system, 

Control measures —Common sense in isolating infected ani- 
mals and preventing the transportation asd importation ‘of in- 
fected animals is indicated. There is no satisfactory, established 
method of inducing artificial immunity. 

‘Distemper in oats —While young cats azz'susceplible to the 

‘virus of distemper, tho disease is less соттоп in cats than п 
dogs. In cats the nervous symptomz^ürs not so marked as'in 
AX. dogs, and the éxanthema is said mto occur in the cat. 
25% ' д 3 
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Fic. 1. Characteristic, peculiar, watchful and disturbed expression of the 
face in rabies. В 
2. Cervical ganglion: of а dog affected with rabies. Fhe nerve cells 
are partly atrophicd, and in their place clumps of round cells 
appear. (After Van Gehuchten and Nélis; from Hutyra and 
Marek.) 
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Fic. 1. Ammon's horn of a dog dead of rabies; 1, Negri bodies in ganglion 
cells; 2, а free Negri body; 2, fragments of réd blood corpuscles; 

4, artery, (After Hutyra and Marek.) 
2. Infectious bulbar ‘paralysis, Severe itching at the point of inocu- 
lation following subcutaneous infection. (After Schmiedhofer; 
from Hutyra and Marek.) 
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Fig, 1. Herpes simplex fatialis. (From Нат И.) p 
2. Herpes simplex. \Fror Hartzell.) Құлы ( 
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Fic. 3. Experimental herpes encephalitis im a rabbit, the fourth day f/f 
4 lowing infection. 
! 4. Experimental encephalitis іп а rabbit with herpes virus (Beekley 
> strain). 
Piare 12 > 
Fig. 1. Old case of infantile spinal paralysis, showing atrophy of the 
thigh and leg, and characteristic deformity of the foot, (After 
Holt) 
2. Microorganism causing epidemic poliomyelitis. (After Flexner 
and Noguchi.) 


CHAPTER V 


BACTERIAL DISEASES OF MAN AND ANIMALS 
(FILTERABLE) 


SCARLET FEVER: SCARLATINA 


Definition.—-Scaviet fever is an acute, contagious, self-limited 
disease. It is character'zed by fever, sore throat, and an ery- 
thematous rash appearing first upon the neck and spreading 
rapidly over the entire body. For many years this disease has 
been classified with the group of filterable virus diseases, al- 
though it has long been known that a streptococcus was asso- 
ciated with it, Adequate proof of the etiological significance 
of the streptococcus in searlet fever was lacking, however, until 
the work of Dick and Dick(1) in 1921 to 1924, which has ap- 
parently settled the etiology of the disease. For the time being 
scarlet fever remains classified with the filterable group of 
diseases as one of bacterial origin. 

History and distribution —Vaughant2) has published a very 
illuminating treatise on the history of this disease, and accord- 
ing to this writer the first definite records of scarlet fever were 
published in 1560. Vaughan states— 

Am attempt has been made, notably by Malfatti, to ascribe the terrible 
epidemic, so vividly depicted by Thucydides, that swept Athens about 430 
В. C. to scarlet fever, but we can find по reason for such a claim, Others 
have sought evidences of scarict fever in the writings of Hippocrates, but 
tho results of these researches have not been satisfactory. There 
tainly no description given by the father of medicine of a disease w} 
сап be identified as scarlet fever, * * * The first description of the 
disease sufficiently definite to distinguish between it and measles was writ- , 
ten by Ingrassias, of Palermo, (1560). In 1574 Baillou, under the name of 
rubiolac, described an epidemic in Paris and differentiated it from measles. 
A similar description by Coythar, of Poitiers, appeared in 1518. * * * 

We are indebted to Sydenham, who, іп 1665 named and described thia 
disease, thus giving it n definite and permanent place in the list of specife 
diseases, 

In 1735 there was an epidemic of scarlet fever ја. New Eng- 
land which was З. Кед of as "throat distemper.” In the fol 
lowing year Douglas described this disease as it existed «ìn 
Boston, In 1789, aceoraing to Vavghar. Бага described searlet 

152 D 


N 


MeKinley: Fillerable Virus Diseases 158 


fever аз it occurred in New York, but Vaughan believes that té 
disease observed'by Bard must bave been laryngeal diphtheria. 
Sirke the eighteenth century epidemics of scarlet fever have 
been known in the United States and Europe, and to-day the 
discase exists in practically all temperate climate. For some 
unexplained reason scarlet fever is comparatively rare in trop- 
ical countries. Though it has been introduced into tropical 
countries, it does not spread. It is rare in India and South 
America, and in the Philippines it is seen chiefiy in newly arrived 
Americans or other foreigners when it is seen at alit Other 
exanthematous diseases are not so rare, and the explanation 
for tho comparative absence of scarie? fever remains obscure. 
Scarlet fever is à cold-weather disease. No explanation has been 
offered as to why scarlet fever should not appear in tropical 
countries or why the natives of these countries should possess 
an apparent immunity. It has occurred to us that metabolism 
in tropical countries might possibly be the reason for this. It 
is well known that fatty acids possess a high neutralizing power 
far bacterial toxins such as the hemolytic streptococcus toxin 
of scarjet fever and the toxin of the diphtheria bacillus. In 
tropical countries little carbon is needed to maintain body heat 
and fats must be stored or utilized for other purposes. The 
suggestion is that through some metabolic process that differs 
from the usual metabolism of fats in temperate climates fatty 
acids become available for other purposes; for example, the 
neutralization of bacterial toxins. It is known, however, that 
„other exanthematous diseases, such as measles, smallpcx, and 
varicella, are not uncommon, and one might ask why the explana- 
tion offered for scarlet fever and diphtheria does not apply to 
these other conditions. In any event experimental proof of 
such a hypothesis is necessary before it is to be considered seri- 
ously. Whether or not melanin (containing sulphur) pigment 
possesses any neutralizing properties for bacterial toxins is not 
known. Possibly in colored skins this may be а factor. Strep- 
tococeus infections in general are less frequent in tropical сос: 
tries than in temperate zones, which suggests that the family 
of streptococci does not find in these counjries favorable ‘condi- 
tions for growth and maintenance of virulence. These questions 
should receiye more consideration from the standpoint of re- 
search in "Хе futgre than they have in the zast, and a solution 
of, the problem may give new light on tile more fundamental 
concepts of infection and immunity. ^ > 
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X The virus of scarlet fever.—In 1885, Klein(3) described а 
streptococcus, which he isolated from the throat of a scarlet 
fever patient, and designated it Streptococcus scarlatinz, Wille 
the group of microürganisms designated as streptococci was 
known at this time, suitable methods in technie that would per- 
mit the grouping of these organisms into different strains had 
not been developed. It is only within recent years that the 
streptococci have been fairly accurately classified. It will be 
recalled that Pasteur (1879) had already pointed out the etiol- 
ogical significance of certain streptococci in puerperal sepsis, 
and organisms of this type had been described for other con- 
ditions; such as, erysipelas, scpticzemia, lymphangitis, and 
abscesses. Also streptococci were found to be present in the 
throats of patients having measles, smallpox, influenza, pneu- 
monia, and sinusitis. As д consequence of its general distribu- 
tion the streptococcus etiology of Klein for scarlet fever could 
not stand, and the streptococcus was regarded by contemporary 
authorities as a secondary invader and probably without etiologic 
significance. 

Further, it was known that scarlet fever produced an im- 
munity against subsequent attacks, while other streptococcus 
infections produced little or no immunity. For this reason and 
the fact that the scarlet-fever streptococcus could not be dif- 
ferentiated from other streptococci, the strepotcoccus etiology 
of scarlet fever was discredited. 

Baginsky and Sommerfeld(4) in 1900 demonstrated strep- 
iococci.in the throats of seven hundred cases of scarlet Техе 
Moser(9) in 1902 prepared a polyvalent antitoxic serum with 
streptococci injected into horses, and this serum apparently gave 
some very promising results when tested on early cases of scarlet 
fever. Similar results were obtained in the hands bf Schick.(6) 
‘That filtered broth cultures of streptococci obtanied from scarlet- 
fever cases contained a toxin was demonstrated by Savchenko(7) 
in 1505. This work was followed by that of Gabritschewsky (8) 
in 1907, who attempted to prepare a vaccine from broth cultures 
of streptococci. This vaccine had some prophylactic value, but 
the method of immunization never came into general use. This 
investigator found that about 15 per cent of children who re- 
ceived subcutancous injections of small amounts of culture fluid 
developed г rash, sore throat, and strawberry tongue. Whun 
his material was adininistered to children who had recovered 
frem an attack of scarlet fever no rash was produced. Un- 
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doubtedly this investigator was working with the toxin of th: 
sgarlet-fever streptococcus, г 

1j 1918 Schultz and Chariton(9) discovered the interesting 
fast’ that convalescent scarlet-fever serum when injected into 
the skin of scarict-fever cases produces a blanching. This has 
since been known as the Schultz-Charlton reaction, More re- 
cently Blake(10) has shown that of one hundred thirty-two cases 
of scarlet fever ninety-seven, or 72.5 per cent, gave this reac- 
tion, and this percentage would probably have been higher had 
every case been tested early in the course of the disease, and 
had the specific serums not been too highly diluted in some in- 
stances. It now appears to be well estahlished that this reaction 
is specific for soarlet fever, 

Dochez and Bliss(11) in 1920 studied the agglutination prop- 
erties of streptococci and found that the hemolytic streptococci 
of scarlet fever belong to a distinct group. Similar results were 
obtained by Tunnicliff.02) In 1924 Dochez(i3) produced an 
antitoxin for scarlet fever by injecting streptococci into а mass 
of agar-agar previously injected into horses, This antitoxin 
possesses definite therapeutic properties. Zinsser modified this 
technic by injecting into horses freshly infected blood before 
clotting had taken place. 

From 1921 to 1924 there was a series of papers by Dick and 
Dick, of Chicago, who reported the experimental production of 
scarlet fever with pure cultures of hamolytic streptococci in 
volunteers. These investigators found that not all hemolytic 
streptococci associated with scarlet fever are of the sams type 
and that the streptococcus found in the throat of scariet-fever 
patients is rarely present in the blood stream. Тһе toxin pro- 
duced by their streptococci was found in filtered broth cultures 
of the virus, and typical symptoms of scarlét fever followed the 
introduction of this toxin into susceptible volunteers, The toxin 
is heat resistant and is neutralized by convalescent scariet-fever 
serum. Susceptible human beings may be immunized against 
scarlet fever by the use of hemolytic streptococeus toxin. In 
horses а therapeutic antitoxin is produced following the ad- 
ministration of toxin. Ву the so-called Dick test they have'been 
able to prove the specificity of their virus, and this test has 
also served in the differential diagnosis of scarlet fever from 
other exantheinatous diseases. . > 

There із evidence that, more than one strain of scarlet-feves 
streptococcus exists, and the typing of there strains will require 
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careful attention in future investigations upon the subject. 
While the evidence in favor of the hemolytic streptococcus etio?- 
ogy of scarlet fever is fairly complete, there still remains Өсім 
in some quarters that scarlet fever is caused by a streptococcus 
and there are still some who regard the streptococcus as а 
secondary invader and favor the theory that starlet fever is in 
reality caused by а filterable virus. ‘The evidence does not sup- 
port the latter conception, Some strains of streptococci are 
filterable, and upon this basis it is permissible to consider scarlet 
fever as one of the filterable group of diseases of bacterial origin 
but certainly not one of the ultramicroscopie viruses, 

Smirnowa-Zamkowa(i4) has recently described certain minute 
oxyphil bodies in the tissues and the bile of persons dead of 
searlet fever. These bodies stain with eosin, and cultures that 
were positive through several transfers when injected into rab- 
bits gave rise to similar bodies in several animal passages. 
‘These bodies are apparently attached to the red blood cell and 
are highly refractite, This author believes that these bodies 
represent the actual virus of scarlet fever and that they prepare 
the soil for invasion of the streptococcus universally present in 
the discase. It will be remembered that Mallory (15) in 1904-05 
described certain protozoanlike bodies in four cases of scarlet 
fever. So-called inclusion bodies in scarlet fever were also 
described by Hoefer (26) and by Macewen(27) a few years later. 
Mallory later discarded his protozoan theory of scarlet fever 
and reported a bacillus (Bacillus scarlatine) as the canse of 
the disease. Confirmation of this work has been wanting 
however. 

Stevens and Dochez (16) have recently shown that throat in- 
fections with Streptqcoceus scarlatinz may occur in persons who 
have previously had scarlet fever, and Nichoils(17) has been 
able to demonstrate the presence of the infecting agent of this 


disease three weeks after the onset of the disease. Жарін(18). 


jn England finds that ali strains of hiemolytic streptococci fram 
scarlet fever produce toxic filtrates and that these filtrates are 
neutralized by searlet-fever horse serum. The relation between 
the streptococci of scarlet fever and those of erysipelas and puer- 
peral fever is pointed out by this author. Vas(9) has con- 
firmed the specificity of the Dick test for susceptibility to scarlet 
fever, and Smith'end Taylor(20) believe that the Dick test ivill 
in time be as firmly established in rel.tion to scarlet fever, as 
the Schick test is in relation to diphtheria, Smith(21) has been 
able to divide into two types the homolytic streptococci obtained 
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from two hundred ten cases of scarlet fever by serological 
Thethods. In this study Smith found that type 1 was present 
in све hundred nineteen cases and type 11 was obtained from 
fifty-seven cases. This author isolated streptococeiyfrom 92 per 
cent of two hundred ten cases. 

Regardless of the current doubts upon the streptococcus ctiol- 
ogy of scarlet fever we must conclude that haemolytic strepto- 
cocci appear to be the true cause of this discase. Pertinent ex- 
perimental data will be necessary to discredit this. 

Incubation period of scarlet fever—In 87 per cent’ of one 
hundred thirteen carefully selected cases Holt (22) has determined 
the incubation period of scarlet fever as ranging between two 
and six days. He states that “speaking generally if, after 
exposure, a week passes without symptoms, the chances of infec 
tion are very small.” 

Symptoms of scarlet fever.—As a rule the onset of the disease 
is abrupt. In most cases there is vomiting, rapid rise in tem- 
perature, and sore throat. In severe cases the temperature ris 
to 104 or 105° F., but in mild cases it may not exceed 101° №, 
Usually" the throat presents evidences of simple inflammation, 
but in some cases there may be membranous patches. The 
eruption appears from twelve to thirty-six hours after the first 
symptoms begin. In some cases the eruption docs not appear 
for four or five days, but this is rare. The rash is fully devel- 
oped within twenty-four hours after its appearance. It per- 
sists from three to seven days. The rash appears first upon 
{һе neck and chest, and consists of very minute points upon а 
reddish background giving the appearance of a uniform blush. 
Later the rash covers the entire body except the face, and 
суеп in severe cases the central part of theface escapes. Often 
the rash is too faint to be easily recognized. А well-developed 
bright rash usually indicates strong heart action, and a sudden 
recession of the rash is a sign of heart failure, (Поб) > 

The rash is accompanied by intense itching and burning, and 
in some cases marked swelling of the hands and the face. On 
or about the cighth day shortly after the rash has faded, there 
is noted an exfoliation of the dead epidermis, This is spoken of 
as the stage of desquamation. Desqvamation may last from 
three to seven weeks or longer. The chief complications of 
scarlet fever are otitis, adenitis, membranous inflammations of 
the pharynx or larynx, and nephritis. Uyder five years of age 
the average mortality from scarlet fever із between 20 and 30 
percent. Vas MEC 
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Animals susceptible to scarlet-fever virus—Man is the na 
tural host for the infectious agent of this ‘disease. Expe: 
mental scarlet fever in other mammals has been very unsatis;ac- 
tory. None.has been found that when inoculated with materia! 
from cases of the discase will develop symptoms typical of scarlet 
fever. 

Imnunity.—As а rule one attack of scarlet fever confers im- 
munity for life. Second attacks have been observed in а few 
isolated instances in which the observation is thought to be 
beyond Question. Варез and recurrences within а short time 
after an attack of the disease also occur, but before sufficient 
time has elapsed to hav’ established a high degree of immunity. 
That there is a natural and racial immunity to scarlet fever 
is indicated by its relative absence from certain parts of the 
world, notably the Tropics. According io Sherwood, Nobie, 
Nigg, and Baumgartner (23) American Indians have a high de- 
gree of natural immunity to scarlet fever, although they are 
susceptible to other exanthematous diseases, While skin tests 
indicated that during the early years Indians are apparently 
as susceptible to scarlet fever as white children, as the Indian 
reaches maturity his immunity is much greater. Human beings 
may be immunized against scarlet fever by the streptococcus 
toxin elaborated by hemolytic зітеріососсі isolated from cases 
of the discasc. Antitoxin bas been produced in horses and 
possesses a definite therapeutic value. 

Pathology.—The pathology іп uncomplicated cases of scarlet 
fever is limited to the throat and skin. Except in the hamorrhat 
gic form, the skin after death shows no traces of the rash. 
There are no specific lessions. (Osler.) In the throat the 
changes consist of simple inflammation, follicular tonsiliitis, and 
in extreme cases, diphtheroid angina. There may be lym- 
phadenitis and edema of the tissues of the neck. The lymph 
glands may show hyperplasia, and the splccn, liver, and kidneys 
evidences of focal necrosis, Pericarditis and endocarditis occur 
as well as myocarditis in some cases. Other anatomical changes 
depend largely upon complications and are not a part of uncom- 
plicated scarlet fever, 

Prevention.—Prevention of scarlet fever depends upon early 
diagnosis, isolation, and prophylaxis, АН cases of this disease 
should be ‘isolated: Susceptible individuals may be immunized 
With antitoxin (passive immunity) or‘ with toxin (active im- 
miunity). Convalescónt human serum may also be employed 
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^ fer immunization (passivo immunity), The Dick test shouid 


be applied to exposed cases and for diagnosis in doubtful cases. 

‘Whe Dick text is quite similar to the Schick test. А small 
quantity of the specific hamolytic streptococcus toxin is in- 
jected into the skin. This amount is usually 0.1 cubic centi- 
meter in quantity of a dilution of (оліп which produces а 
typical reaction. Susceptibility is indicated by a positive re- 
action, while a negative reaction signifies immunity to scarlet 
fever. The reaction appears in about six hours and is fully 
developed eighteen to thirty-six hours later. Tt consists of a 
circular area of redness, and swelling in some cases. It usually 
subsides very rapidly. Pseudoreaction’s occur that are very 
difficult to distinguish from true reactions. This test possesses 
definite diagnostic value, 

For the production of active immunity it is recommended by 
Young and Orr(2) that three injections of toxin be given be- 
ginning with 500 skin doses for the first injection, 5,000 for the 
second, and 30,000 skin test doses for the third. The injections 
are given at intervals of two weeks. Immunity produced in 
this way is believed to last about two years, Passive immunity, 
while of value, is of very short duration and is not believed to 
persist moro than a few weeks. 

Isolation of cases of scarlet fever should be established for 
at least three weeks after the onset of symptoms, and in most 
cities of the United States the regulations require thirty days, 
Kanenskaya(25) has recently demonstrated the presence of strep- 
tococei in the scales during the stage of desquamation in Scarlet 
fever. In thirty cases this author found hemolytic streptococci 
and states that by the thirticth day of the disease the strep- 
* тососе! have disappeared from the scales in most cases. Не is 

inclined to the view that the streptococci in the scales have their 
origin not in the skin, but in the blood stream. If this be true 
3, ‘it would appear that health units should advocate at least 2,30- 
> day period of detention for these cases. Hospitalization, closing 
of schools in severe epidemics, Pasteurization of milk, good 
nursing, and proper disinfection will all contribute to the lgwer- 
ing of the mortality and spread of searlet fever. 
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OROYA FEVER AND VERRUGA PERUVIANA: CARRION'S DISEASE 


Definition —Oroya fever and verruga Peruviana afe ap- 
parently the manifestations of one and the same disease. This 
disease is characterized by an acute specific fever, rapidly de- 
veloping anemia of the pernicious type, tenderness over the 
biood-forming tissues, and a granulomatous eruption of extreme 
chronicity which is associated with the fever, the joint pains, 
and hemorrhages. 

Kistory ond distribution—This disease has long been endemic 
in certain valleys of the Andes in Peru. It is said to exist 
between the ninth and sixteenth parallels of south latitude, 
and at an elevation of from 3,000 to 10,000 feet on the western 
slopes of the Andes: Apparently the discaso is confined to cer- 
tain hot, narrow valleys, the inhabitants of neighboring places 
being exempt. (Manson. According to the natives in this 
region the disease may be acquired by merely passing through 
the endemic districts and especially if the traveller passes “һе 
night there. In 1886 Carrion, who thought the disease verruga 
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‹ Peruviana was communicable, inoculated himself and died a 
month later with a febrile disease that is now known to have 
‚ bee? Oroya fever. The disease has since been designated Ca- 
rrion’s disease in honor of this investigator who gave his life 
to it, During the last century it was thought that these (wo 
conditions were bnly different manifestations of the same disease, 
the verruga being a later stage of Oroya fever. This opinion 
held sway until 1913 to 1915 when Strong() and his associates 
оп the Harvard Commission published (hc report of their ex- 
pedition to South America. In this report the commission re- 
ported their experiments with verruga Peruviana in which а 
volunteer was inoculated with verruga Peruviana material and 
sixteen days later developed verrucose lesions without the 
fever ог апатија that is characteristic of Oroya fever, They 
concluded that the two conditions were not the same discase, 
since each differs from the other markediy in its clinical mani- 
festations. The commission recognized that the two conditions 
are endemic in the same localities and suggested that the two 
conditions are found in the same individual, suggesting in this 
way 2 common etiology. 

It appears now that these two conditions are merely manifesta- 
tions of the same disease, and strong evidence to support this 
view has been presented recently by Noguchi.(2) 

The virus of Oroya fever and verruga Peruviana.—In 1909 
Barton(3) described smali rodüke bodies in the red blood cells 
and in endothelial cells of the lymphatic glands from cases of 
Qroya fever. These bodies were regarded by Barton as cf pro- 
tozoal origin and were later termed by ihe Harvard Commission 

, Bartonella bacilliformis. Strong has regarded them as protista, 

27 related to Grahamella, and the probable cause of the disease. 
' — Odriozola(4) had associated these two conditions in 1896 and 
stated that Oroya fever may appear in a patient having verruga 
;Peruviana, or verruga Peruviana may occur in a patient having 
Oroya fever, ог the two may occur in the same patient simul- 
tancously, The Harvard Commission found that they could 
transmit verruga Peruviana from man to man and to monkeys 

by rubbing into the eyebrow the material from a verruga gfanu- 
loma. In 1918 da Rocha Lima(5) reported the presence of 
minute granules in the endothelial cells of the granulomatous le- , 
sioAs which could be stained by the Giemsa or the Levaliiti meth- 
od., These granules were regarded as Chlamydozoa-like bodies; 
and since such inclusian bodies have been demonstrated in severdl 
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filterable virus diseases, the possibility of the filterable nature 
ot the causative agent in verruga Peruyiana was suggested. 
The work of the Harvard Commission, however, indicates that 
the causative agent of this condition is too large to pass through 
a filter, since they found their filtrates noninfeetive. Strong 
has also shown that there is a cloudiness prodáced in tubes of 
Noguchi's medium inoculated with verruga material and further 
that he is able artificially to immunize monkeys against this 
disease. 

ВағіолеНа bacilliformis somewhat resembles a piroplasm, 
Theileria parva, as it is seen during its life cycle in the lymphatic 
gland, and in blood smesrs these organisms may be very numer- 
ous. They occur as rod-shaped bodies and as rounded, oval, or 
pear-shaped bodics, which stain an intense blue with Romanow- 
sky. Frequently chains and branching forms are observed. 

In 1926-27 Noguchi published a series of papers dealing with 
the etiology of these two conditions. From the blood of a pa- 
tient having Oroya fever, who later died of the disease, Noguchi 
obtained а pure culture of Bartonella bacilliformis, which he 
grew on semisolid Leptospira medium and also on slant agar 
containing animal blood. Тре organism is an obligate aërobe, is 
Gram negative, and under certain conditions is motile. Intra- 
venous injection of cultures of this organism inlo young ma- 
caques, according to Noguchi, induces a prolonged irregularly 
intermittent fever. The organism is detected in the blood cor- 
puscles of the injected monkey and Noguchi states "reproducing 
the precise appearances observed in human cases of Oroya fever. 
The intradermal inoculation of this culture into the eyebrow of 
young macaques induces nodular formations, which are rich in 
new biood vessels and the bacilliform organism is found within 
the endothelial cells. The organism can be culturéd from these 
nodules. According to this author Bartonella bacilliformis vre- 
sists 4" C. for one hundred fifty-two days; it remains viable 
in the excised nodule for fifty-six days at 4% C. and for twenty- 
eight days at room temperature; the organism remains motile for 
about two weeks in a suitable medium. In other experiments 
Noguchi demonstrated that the symptoms and the lesions pro- 
duced in the chimpanzee and orang-utan with Bartonella bacil- 
liformis are far milder than those produced in rhesus monkeys 
and are not as characteristic of Oroya fever and verruga аб it 
szevrs in human beings. This author also succeeded іп trans- 
mmitting the infection by means of a tick, Dermacentor ander- 
soni, to normal rhesus monkeys and recovered the infecting or- 
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ganism from the lymph nodes and blood of the infected animals, 
Tn 1927 Noguchi reported that monkeys, which had recovered 
frem the Oroya strain of Bartonella bacilliformis, were found 
immune when tested with the verruga strain of Bartonelio bacil- 
liformis аз well as against the homologous strain” 

Those схрегімепіз of Noguchi indicate that Oroya fever and 
veruga Peruviana are one and the same disease and that the 
character of the disease produced in monkeys depends upon 
the route of inoculation; further, that the cause of the discase 
is Bartonella bacilliformis and that this organism can’ be isol- 
ated from either Oroya fever when it exists alone or from 
verruga Peruviana when it is the only Jndication of the disease, 
Cross-immunity experiments have established the identity of the 
microbe obtained from cach type of the disease, 

While these experiments apparently settle the question of the 
etiology of Oroya fever and verruga Peruviana, thorough study 
on the filtrability of this agent has not been made to a point 
where it can be said definitely that filterable forms of the virus 
do not exist. It is probable that with confirmation of this nota- 
bie piece of work this disease will be eliminated from the list 
of diseases known or thought to be caused by filterable agents. 
For the present it has been thought wise to include this disease 
in the present review. 

There is some indication that Oroya fever is transmitted to 
man through the agency of some insect, but except for the ex- 
perimental transmission of the disease to monkeys by the tick 
Dermacentor andersoni this theory has not been cstablislivd. 

Incubation period of Oroya fever and verruga Peruviana, n 
the natural infection, the form of this disease known as Oroya 
fever has an incubation period of about three weeks while ver- 
ruga requires an incubation period ranging from ten to forty- 
five days. In опе of Noguchi's monkeys (monkey 25), in which 
he obtained the simultaneous occurrence of severe symptoms of 
both veruga and Oroya fever, the incubation period was fifteen 
days. 

Бун of Oroya fever and verruga Peruviana.—That this 
disease exists in two forms is well recognized. The esséntial 
symptoms of Oroya fever are malaise; pains in the head, the 
joints, and the long bones; an irregular fever; and a rapidly 
defeloping anzmis, of the pernicious type. In this type of the 
disease the spleen and the liver are enlarged and tender. Thè 
mortality ranges from 10 to 40 per cent, тећи пр usually within 
two or three weeks after the onset of symptoms and in some 
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cases ending in delirium. The verruga type of the disease is 
also characterized by rheumatic pains and initial fever. The. 
eruption is either miliary or nodular, sparse or abundant, dis- 
crete or confluent. Usually the eruption begins as a macuie, 
later becoming dark in color and nodular. These nodules may 
be flat or slightly pedunculated. Individual Keions may be- 
come very large and when strangulated become a source of 
danger from hemorrhage. The lesions appear both superf- 
cially in the skin and also upon mucous membranes (mouth, 
esophagüs, stomach, intestines, bladder, uterus, and vagina), 
which may be followed by hamatemesis, тејата, hematuria, 
and bleeding from the vagina, Dysphagia is a common symp- 
tom, This type of the disease may extend over а period of two 
or three months. 

Animals susceptible-—Man is the natural host for the virus 
of Oroya fever and verruga Peruviana. Monkeys have been 
experimentaily infected, and rabbits and dogs ate said to be 
susceptible. 

Damunity—There is both a natural and an acquired im- 
munity to this disease. Noguchi produced immunity іп mon- 
keys to the viruses obtained from cases both of Oroya fever 
and verruga. Strong was able to produce artificial immunity 
to verruga in monkeys with graded doses of verrugous material. 

Pathology.—The characteristic feature in Oroya fever is the 
anemia. The blood count may drop remarkably within three 
or four days, the blood picture simulating that of pernicious 
anemia, At first there is a marked polymorphonuclear leuco: 
cytosis with a disapperance of eosinophils, and during the later 
eruptive stage an eosinophilia with 2 mononuclear Jeucocytosis. 
(Manson.) There aye areas of degeneration and central necro- 
sis in the liver and spleen. The lymph glands exhibit large 
macrophage endothelial cells containing rod-shaped bodies (Bar- 
tonglla bacilliformis). In verruga the changes consist of proli- 
feration of the endothelium of the lymphatic channels, which 
are filled with plasma celis and fibroblasts. The granulomatous 
tumors are vascular and prone to blecd profusely. Manson 
stated that “a feature of the pathological histology is the forma- 
tion round the biood-vessels of nodules or angiobiasts charac- 
teristic of the disease.” 2 

Control*mensurez—For the prevention of this disease it has 
Been recommended that workmen should quit the endemic local- 
ity before sunset. 1с is said that the oase incidence of the 
disease (Orcya fever) has been lowered in certain localities 
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following this measure. Possibly as a result of recent inves 
tions on the ctiology of this discase some method of immuniza- 
tion may be devised, The search for a transmitting insect 
should be continued, and if found its eradication, ofcourse, would 
be indicated. » 
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AN/EMIA OF RATS 


Definition —Anamia of rats is characterized by a marked 
decrease in the number of red blood celis and a rapid drop in 
the hamoglobin content of the blood. ‘The decrease in the num- 
ber of red blood cells and the amount of hamoglobin in the blood 
may take place within a few days, the affected rats often dying 
of the malady. Other rats recover, improvement often begi 
ning suddenly with a marked shower of normoblasts, This 
affection has been thought by some investigators to be caused 
by а filterable virus and by other authorities is said to be due 
Қо an infection with Bartonella muris. 

The virus of rat anxmia.—it has been shown by a number 
of investigators that an anemia develops in white rats follow- 
ing splenectpmy. According to Mayer,+Borchardt, and Ki- 
kuth(1) this anemia is thought to be duc to a latent infection 
with Hartonclla muris, which is apparently activated when the 
animalis splenectomized. ‘These authors found Bartonella muris 
infection in rats to be fairly general in Hamburg. The infection 
has also been described in Viennese rats by Lauda(2) and by 
Nauck(3) in Peking. Haan, Lauda, and Sorge(4) have reported 
that the rats in southern Italy are not infected with organisms 
of the Eartonella group, but when these rats are injected wilh 
the organs of Viennese rats before splenectomy, they develop a 
characteristic angmia after they have been splenectomized. 

ЧаТё and Willis() in Minois have recently examined буо 
strains of rats for the presence of ВамовеЦа muris, One of 
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these was a standard pedigreed strain from а local dealer, 
These authors state: 

Of tho pedigreed rats ай which һауе so far been tested have proved 
infected. The Bartonella appeared in the peripheral blood from four to 
five days after the splenectomy. Within two days th. red count then 
dropped from 68 millions to 23 millions and the hemoglobin content de- 
creased from 100 % to 35%. There was a marked neutrophile levkocy- 
tosis. Some of the rats died during the severe attack of anemia; some 
recovered spontaneously. Recovery starts with a sudden and very marked 
Shower of-normoblasts. 

These authors further demonstrated the interesting fact that 
young rats of the pedigreed group of about four weeks of age 
showed numerous bartoneliz in the blood stream before opera- 
tion. It has been pointed out by Lauda that they are rarely 
found in the blood stream of adult rats before operation and if 
present are very few. 

Jaffé and Willis found that the rats obtained on the market 
were apparently not generally infected. Only one rat of this 
group developed anemia following splencetomy. Seven rats іп 
ali were tested. The rat that developed anæmia recovered com- 
pletely within three weeks. Two of the rats were starved for 
three days and showed bartonelle. One rat died of pneumonia 
but no bartonell were found in the heart's blood. These 
authors recommend the panoptic blood-staining method of Pap- 
penheim for the detection of bartonelie. They also employed 
а slightly alkaline Giemsa solution followed by dccolorization in 
а 1 pêr cent sodium carbonate (Na,CO,) solution, They state 
that bartonella is first visible between the red blood cells and is 
composed of a small biscuit-shaped body having two granules 
heid together by a thin capsule. Later these bodies become 
attached to the surface of the red blood cells and appear as sien- 
der rods that stain blue and contain two small purple grannies on 
both ends. Jafté and Willis are not convinced that the parasites - 
invade the interior of the red blood cells. They state that as 
many as thirty microdrganisms may be attached to a single red 
blood cell and that а great variety of shapes and sizes may be 
noted; р 

It will be recalled that Rartonctia bacilliformis has been shown 
by Noguchi and others to be the cause of Oroya fever and ver- 
ruga Peruviana and the organism has been cultivated by No- 
guchi upon semisolid leptospira medium and also on slant agar 
cóhteining animal blood. Anemia is also the characteristic 
feature of Oroya fever. Bartonella muris has not as yet been 
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gultivated artificially. While Bartonello bacilliformis of Oroya 
fever invades the interior of the erythrocyte, Bartonella muris 
of rat anemia apparently does not. 

While the evidence is not complete, it strongly Suggests that 
at least one form of anemia of rats is caused by a Bartonella 
infection. Further investigations will bc necessary ta demon- 
strate whether or not filterable forms of Bartonella muris exist. 
Furthermore, an investigation of the relation of Bartonella 
тигіз and В. bacilliformis would be cxcecdingly interesting, since 
both are associated with discases characterized by anemia. 
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CONTAGIOUS PLEVROPNEUMONIA 


LUNG PLAGUE; LeNcexseccHe DER RINDER (GERMAN) j Ремемгомовие 
CoxTAGIEUSE (FRENCH); POLMONERA, PLUCROPOLMONITE ESSUDATIVA. 
(ITALIAN) 

Definition, Contagious pleuropneumonia is defined by Hutyra 
and Marek as ап acute or subacute, but sometimes chronic con- 
tagious disease of cattle, which is characterized by an exudative 
inflammation of the interlobular lymph vessels, and of the al- 
weolar tissue of the lungs, with a simultaneous, scrofilrinous 
pleurisy. 

History.—In 1898 Nocard and Roux(1) discovered and arti- 
ficially cultivated the causative agent of this disease, which had 
been known in certain parts of Europe since the middle of the 
soventeenth century. Former workers have considered the 
discase 2 form of typhus in cattle, and some thought of ,this 
condition as a paralysis of the lungs. Notable contributions to 
the etiology of this disease have been made by Bordet,(2) 
Borrel,(3} and others. 1 

Distribution of the disease,—Contogious pleuropneuimonia 
was known іп the seventeenth century in Switzerland and ар- 
peared about:that time in parts of Germany and France. Later 
it appeared in Pelgium and Holland and spread to Austria 
ard to England in 1842.’ In 1854 it was carried to South Africa, 
and in 1843 it spread from England tò Sweden and North 
America. In 1858 it, first appeared in Australis.” In 1899 the 
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disease appeared in Russia, and in 1910 it became a very serious 
problem in Spain. About this time the disease spread to Asia, 
Queensland, New South Wales, Victoria, and South America. 
The disease has not appeared in the United States since 1892, 
though it was a serious menace in 1886 in certain states. At 
present it is prevalent in Russia, Spain, Africa, Australia, and 
Asia. 

Incubation period —The incubation period following artificial 
infection (subcutaneous injection of the virus) ranges from six 
to seven days, following inhalation twelve to sixlcen days, and 
corresponds to the incubation period in the natural infection. 

Symptoms of pleuropneumonia.— Under. natural conditions the 
first symptom of the disease is a rise in body temperature of 
9.5 to 1^. Almost at once there is loss of appetite and dimin- 
ished milk secretion. A dry painful cough develops which be- 
comes more painful and more frequent, and in some animals a 
mucopurelent discharge comes from the позе, As the king 
affection progresses, respiration becomes more difficult, the skin 
loses its elasticity, the hair become rough, constipation develops, 
and the animal becomes emaciated. Near the end of thé disease 
the fever rises to 41 or 42° C. and a subcutaneous edema de- 
velops over the chest and the abdominal walls. Pregnant ai 
mals usually abort. The disease may terminate in death within 
а week but usually runs for four or five weeks. About half of 
the cases die of the disease. 

Animals susceptible to the virus of pleuropneumania.-—Cat- 
tle, buffaloes, rcindeer, camels, yak, and bison are all susceptible 
io the disease. Other animals and man are not susceptible. 
A form of pleuropneumonia has been described as occurring in 
goats in the mountain districts of Germany and aiso in the 
Pyrenees. It is believed to be the same disease as "boufrida" 
which oceurs in Algeria, No causative organism has been found, 
and it is not related to pleuropneumonia in cattle although the 
anatomical changes in the lungs closely resemble this disease. 

The virus of pleuropneumonia—The virus of pleuropneumonia 
is a small polymorphic organism that is filterable through Berke- 
feld amd Chamberlatd filters. Under high magnification these 
organisms appear as small fine vibrios, short ври ће, and aste- 
roid bodies, According to Bordet on artificial’ medium the 
organisms appear as fragile spirochetes but are shorter than 
the spirochztes of syphilis. Borrel foünd in stained prepata- 
Hons fork-shaped branchings and asteroid bodies and for this 


а қ McKinley: Fillerable Virus Diseases 169 


reason designate the organism “Asterococcus mycoides.” Lip- 
Schütz has described the bodies of pleuropneumonia as roundish 
clumps about 0.25 millimeter in size that occur singly or in pairs 
and occasionally in short chains. There bodies аге Gram neg- 
ative but stain with Loeffler's flagella stain and by Giemsa's 
method. 

Nocard and Roux have cultivated the virus in broth to which 
lymph from the lungs is added. The medium and the organism 
were placed into collodion sacks and sewed within the aljdominal 
cavity of rabbits. The culture required fifteen to twenty days 
to develop. Such cultures injected into cattle produced the 
disease. The virus can also be cultivated in Martin's bouillon 
to which 6 per cent beef or rabbit serum has been added. Cul- 
tivation has also been accomplished upon solid medium, 

The virus is destroyed within twenty minutes when exposed 
to a temperature of 60° С. It will survive freezing temperature 
for several months. The virus is resistant to glycerin and 
will resist 0.5 per cent phenol for some time. Exposure to light 
and air quickly destroy it, and cultures lose their virulence 
within ‘a short time unless hermetically sealed and kept at a 
iow temperature. In the natural infection it is thought that the 
virus gains entrance into the body by way of the respiratory 
tract through inhalation, 

Immunity in plenropneumonia—Affected animals may trans- 
mit the disease to healthy animals in all stages of the disease. 
The Virus may remain latent and virulent in the lungs for years 
‘after the animal has recovered from the discase, The suscep- 
tibility of cattle varies with the breeds. Some breads are highly 
resistant, while others are markedly susceptible. One attack 
of the disease confers an immunity, and buch cattle cannot be 
infected by artificial means. 

Vaccination both with pleural exudate from cases of the dis- 
сазе and with cultures of the organism has been practiced? the 
latter giving the most satisfactory results in France. А fairly 
efficacious antiserum can be prepared by injecting culture ma- 
terial in vaccinated or recovered animals, " 

Pathology.—The post-mortem findings hre, of course, most 
pronounced in the lungs. Stages of red hepatization, gray hepa- 
tization, arcas of necrosis, dilated lymph spaces, and thrombosis 
of the blood vessels are all found. The pleura may be covered 
with a fine exudate and be somewhat thickened. The pleural 
cavity may contain a large amount of clear yellow or turbid 
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exudate, even 15 to 20 liters. Some cases тау zeveal a fibrinoug 
pericarditis and similar changes of the peritoneum and dia. 
phragm, Finally, there is found a gelatinous infiltration of 
the subcutanvous tissue over the chest and abdomen, 

Control measures.—Isolation and quarantine are strongly ad- 
vocated, the latter measure for six months or longer. Since the 
Virus remains alive and virulent for long periods after the 
animals have recovered from the disease, it is recommended 
that such animals be killed. Laws compelling this procedure 
have been enacted іп several countries. Immunization with 
pure cultores is also resorted to as a contributing method of 
control of this discase. е 
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"AGALACTIA CONTAGIOSA 


Definition.—Agalactia contagiosa is a specific infectious dis- 
case of the mammary glands of sheep and goats, that in the 
lactating female is characterized by an alteration in the milk, 
which becomes yellowish or brownish in color and salty in taste, 
and may become purulent; the secretion of milk diminishes and 
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тау stop altogether. The lesions may remain localized in the 
mammary glands, or the infection may provoke other specific 
lesions, It is thought to be caused by a filterable virus. 

History and distribution —Agalactia is a relatively common 
disease in many species of animals. In cattle mastitis is caused 
by a streptococcus.(1) The disease referred to in this section 
is in no way related to ordinary mastitis in cattle, but is a spc- 
сібе infectious disease of sheep and goats. The disease has 
been particularly prevalent in Algeria, and studies upon the 
etiology of the infection have been made with material from 
cases occurring in that part of the world. In general the 
disease may be-regarded as relatively uncommon. There is no 
record of its ever having been present in the United States. 

The virus.—Celli and De-Blasi(2) very carly demonstrated 
that the infective agent im agalactia contagiosum is filterable 
through Berkefeld and Silbersmith filters. This was confirmed 
by Carré(3) in 1912. In 1923 Bridré and Donatien(4) reported 
the transmission of the disease to goats, confirmed the filterabil- 
ity of the virus, and werc able to cultivate it in vitro. These 
authors described a virus in their cultures that resembled forms 
of both vibrios and spirochetes. These organisms were stained 
after the method of Giemsa. Under the ultramicroscope nu- 
merous granules were found that resembled very small cocci. 
In some aspects the virus of agalactia contagiosa is similar to 
the virus of pleuropneumonia. One-half cubic centimeter of 
culture inoculated into the knee joint of susceptible shcep pro- 
Yokes symptoms of arthritis within four days. The virus is also 
active in very high dilution. Two goats inoculated under the 
skin, one with 1 cubic centimeter of culture, the other with 1 
cubic centimieter of a dilution of 3:100, developed a specific 
mastitis eight hours after inoculation. 

In 1925 Bridré and Donaticn(s) carried their experiments 
urther and confirmed their earlier work, Cultivation of'the 
Virus was effected in bovillon to which serum was added in the 
proportions of 1:10 and 1 Serums from sheep, goats, 
' horses, cattle, man, and rabbits were all found to be satisfactory, 
It was found that either Martin's peptone or commercial peptone 
could be used, Тһе addition of some sugars to the medium gave 
unsatisfactory results, but lactose and mannite fivored the 
growth of the virus. Serum agar was also found to be favo» 
able for the growth pf the virus. Stained by Giemsa the virus 
appears as a very fine microbe taking the violet end appearing 
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in various forms, The usual forms measure frem 2 to 5 microns 
in length, although some are 15 microns in length. The shorter 
forms resemble vibrios, and some are found to be almost round. 
Grannies wee also demonstrated by Bridré and Donatien as in 
their previous work. The authors state that (translation) "one 
finds, іп a word, with this microbe, ali the morphological char- 
acteristics described by Bordet, by Borrel, Dujardin-Beaumetz, 
Jeantet, and Jouan with the microbe of pleuropneumonia.” 
Тһе organisms possess a motility comparable to the movement of 
mosquito Јатуге in water, although these authors believe that 
this motion is а false mevement and that the virus must be con- 
sidered nonmotile. ] 

Bridré and Donatien state that the virus passes a Chamber- 
land No. 1 filter, but that the filtrate remains sterile when the 
L 2 Chamberland is employed. This property of the virus per- 
mits its isolation with great facility. 

‘The optimum temperature for the virus of agalactia is 37° C., 
but growth is possible between 24 and 41.5°C, The virus re- 
mains virulent after four months when preserved at —5 to 
—1#° С. It is apparently destroyed after five months at such 
low temperatures. It is destroyed within ten minutes when 
exposed to 53^ C. It resists a temperature of 50° С, for one 
and one-half hours. Agglutination, precipitation, and deviation 
of complement experiments have not been entirely satisfactory. 
Cultures of the organism have been found to be as satisfactory 
for inducing the infection in sheep and goats as the naturel 
virulent material taken from animals having the disease. Sheep 
are somewhat less sensitive than goats. The female in lacta- 
tion is the best animal in which to induce the‘infection. Inocula- 
tion by searification is followed by а local reaction, which is later 
followed by the specific infection as in subeutancous inoculations, 
Intravenous inoculation of the virus provokes a scvere reaction. 
Inotulation of the virus in cattle induces a local reaction only. 

Bridré and Donatien again have pointed out the resemblance: 
of the virus of agalactia to that of pleuropneumonia. Both 
Viruses may be cultivated in serum-bouillon mixtures; the col. 
onies upon serum agar are identical; both viruses are filterable 
through the same filters; their morphology is practically iden- 
tical; their. resistance to different temperatures is the same, On 
the other hand the virus of agalactia grows more luxuriantly 
than the virus of plouropneumonia and, furthermore, Dridr 
and Donatien have succeeded in cultivating the virus of agalactia 
in milk, while the virus of pleuropneumónia does not grow in 
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this medium. “Тһе virus of agalactia is easily isolated from the 
milk of infected. animals. 

А preventive serum is obtained from sheep, goats, and horses; 
90 cubic centimeters of serum will protect against an infectious 
dose of culture of the virus. Active immunizatiox of animals 
in lactation was*found to be exceedingly difficult by any method 
attempted. 

The virus of agalactia contagiosum is of special interest to 
students interested in the filterable virus field, Cultivation of 
the filterable viruses has proved to be exceedingly difficylt, and 
there are only three or four with which this has been accom- 
plished. n 
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Fig. 1. Verruga Peruviana, showing nodules on skin and mucous mem- 
р brane of mouth. (After ВИП; from Manson.) 
2. Bartonella muris, showing parasites overlapping cdges of the 
erythrocytes, (After Jaffé and Willis.) 
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Fic. d. Ásferococeus mycoides of contagious pleuropneumonia, (After 
шуға and Marek.) 
2. Types of filterable microörganisms found in agalactia contagipsa, 
from bovillon-serum cultures. {After Bridré and Donatien.) 
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INSECT-BORNE DISEASES OF MAN AND ANIMALS 
(FILTERABLE) 
YELLOW FEVER 
TYPHUS ICTEROIUES; PIERRE AMARILLA 

Definition. — Yellow fever is an acute, specific, febrile disease 
which occurs in epidemic or endemic form, usually within a 
limited geographic area, It is characterized by fever, chills, 
marked muscular pain, evidences of blood destruction, black vom- 
it, albuminuria, and hematogenous jaundice. The discase is 
caused by а filterable virus and is transmitted to man by the 
mosquito Aëdes xgypti. 

History and distribution.—The first authentic description of 
yellow fever was given by du Tertre, who described tho disease 
in Guadaloupe іп 1635. According to Vaughan(1) this disease 
was confined to the Western Hemisphere before connection be- 
tween the two hemispheres was established by Columbus. Since 
the beginning of the seventeenth century epidemics of yellow 
fever have been described. Such epidemics have been partic- 
ularly severe in the West Indies and in parts of Central Amer- 
ica. Following the abolition of the quarantine of European 
ports during the French Revolution, the disease during the pe- 
riod of 1791 to 1815 spread into Europe and to both North 
and South America.. Later we find records of the disease in 
Cuba, Jamaica, Santo Domingo, Brazil, and Porto Rico. The 
disease was endemic in these parts of the world until the close 
of the nineteenth century. From the West Indies the disease « 
spread northward through Mexico to the southern United States. j 
and southward as far as Montevideo. The disease was coni 
таоп on the west coast of South America in Peru, Chile, and 
Colombia and spread.to the Gulf of California from the Isthmus 
of Panama. During 1923 the discase was stamped out of Peru 
and at present is only endemic in a few areas in Central and 
South Amtrica and in Brazil. . 

' Yellow fever is endemic on the West Cuast of Africa. In 1992 
there was an cpidemie on the French Ivory Coast, and one in 
174 £t 


M. 


McKinloy: Filterable Virus Diseases 175 


+ Southern Nigéria and the Gold Coast in 1923. At present a 
commission is stadying the disease on the Gold Coast іп an 
+ effort to bring about its final eradication. 

The virus of yellow fever.—In 1900 General Sternberg ap- 
pointed a commission to study the transmission of yellow fever 
in Cuba, The transmission of yeliow fever through the agency 
of the mosquito had been forecasted by Finlay in 1891. The 
notable achievement of Reed, Carroll, and Agramonte(2) in 
1901 in establishing the scientific facts that proved this theory 
is a landmark in medical science. Lazear, who was also a mem- 
ber of this commission, died of the disease in the course of the 
experiments. This commission proved beyond all doubt that 
yellow fever is transmitted to man through the bite of the mo: 
quito Aédes aegypti. While the mode of the transmission of the 
disease was discovered by this commission, the actual causative 
agent of yellow fever remained obscur 

Іп 1919 Noguchi(3) reported that he had isolated the specific 
cause of yellow fever in Guayaquil, in (he form of a spirochaete 
which he named Leptospira icteroides, He found that guinea 
pigs injected with 5 cubic centimeters or more of blood from 
yellow-fever cases developed symptoms comparable to those of 
yellow fever in man. Under dark-licld illumination Noguchi 
found a number of spirochztes, similar to Leptospira icterokæ- 
morrhagix, in the blood, liver, and kidneys. Later he obtained 
а pure culture of these spirochetes in artificial media and was 
able to transmit the disease serially through guinea pigs. This 
organism was found to grow best under aérobic conditions in 
solid media containing blood serum and at a temperature rang- 

‚ ing from 25 to 83°С. He has described this spirochxte as an 
extremely delicate filament about 4 to 9 microns in length and 
0.2 micron in width. It tapers gradually toward the extrem- 
ities and ends in sharpened points. It is actively motile, 
„shows vibratory motion, and is remarkably flexible. It stains 
with Giemsa and other polychromatic dyes. Noguchi used for 
his original source of material one hundred seventy-two 
„cases which were thought by him to be cases of yellow fever. 
This is а very important consideration in, view of the recent 
work of Sellards. (4) Yellow fever is similar in its clinical 
manifestations to infectious jaundice, or Weil's disease, the cause 
of which is a spipochmte similar to the organism »described 
by, Noguchi for yellow fever. Of twenty-seven cases Ко» 
guchi found the leptgspira present in thé blood of only thres. 
Monkeys, with the exception of marmosets (Айса adipus or 
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geoffroyi), injected with infected blood and tissues were found , 
to be negative. Guinea pigs infected with the blood of pre- 
sumably yellow-fever cases developed symptoms in from three 
to six days. These symptoms consisted of a rise in temperature, 
conjunctival congestion, leucocytosis followed by leucopenia, 
jaundice, and in some instances hemorrhages from the nose and 
anus. "The tissues were found at autopsy to be jaundiced and 
the organs hyperzemic. Hremorrhages were also noted in the 
lungs and mucous membranes of the intestines. Noguchi also 
found that about 67 per cent of the wild rats in Guayaquil 
showed organisms in their kidneys closely resembling the lepto- 
spira found in yellow-fey'er cases, and when these organisms were 
injected into guinea pigs similar symptoms and lesions were 
produced as in the case of the so-called yeliow-fever spirochrete. 

It is Nogachi’s contention that the yellow-fever spirochæte 
differs from the spirochwete of infectious jaundice. This state- 
ment is based upon serological studies. Furthermore, he states 
that the two spirochetes differ in their pathological properties. 
The former he states is essentially icteronephritic and produces 
fatty degeneration of the liver and kidneys, while the spirochate 
of infectious jaundice produces jaundice as its chief manifesta- 
tion. The virulence of Noguchi's so-called yellow-fever spiro- 
себе varies a great deal, but some strains were found infective 
in doses as small as 0.0001 cubic centimeter of culture, This 
organism is killed at 55° C. within ten minutes; also by desicea- 
tion and freezing. It is destroyed by bile salts, 2 per cent 
phenol, and 0.1 per cent corrosive sublimate. Later work op 
yellow fever by Noguchi and Kligler(5) in Yucatan confirmed 
Noguchi’s previous work in Guayaquil. 

In 1927 Sellards examined the serum of e'even patients about 
three and a half months after recovery from typical yellow fever, 
Sellards found that these serums gave negative Pfeiffer's re- 
actions to both Leptospira icteroides and L. ictavohtemorrhagize. , 
‘This investigator found that two guinea pigs immunized 10 
Leptospira ісіехоћатогћаділ gave positive Pfeiffer reactions 
to both Leptospira icteroides and L. icterohamorrhagiz. This, 
evidence iz advanced as additional proof of the identity of these 
two organisms, — " 

While in the minds of many, Noguchi’s work bas never been 
accepted as the бла) solution of yellow fever, the work of Sellards 
suggests just cause for extreme conseryatism in the question. 
Reed, Carroll, Lazear, and Agramonte in their early work pointed 
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cause of yellow fever. These investigators demonstrated that 
the infectious agent was present іп the blood of patients during 
the first three days of the discase, and was capable of passing 
through the pores of в Berkefeld filter, The later work of 
Noguchi threw donbt upon these experiments, but it now ap- 
pears that this theory should receive more-scrious consideration. 
At present opinion is divided, and there are few willing to take 
a stand in the matter; this is perhaps as it should be in view 
of the present chaos surrounding the question of the dtiology 
of this disease. 

Та general it may be said that cihically Weil’s disease 
and yellow fever are similar. Especially is this true.of the 
milder cases of yellow fever. Furthermore, the spirochte de- 
scribed by Noguchi as the cavse of yellow fever is morpholog- 
ically similar to the spirocheete of infectious jaundice, or Woil's 
disease. The symptoms produced in guinea pigs by both spiro- 
chetes are practically identical. Studied by serologicat methods 
both spirochetes are somewhat similar even in Noguchi's hands. 
According to Sellard’s experiments (ће serums of yellow-fever 
patients do not give a positive Pfeiffer's reaction for either 
spirochiete. Yet, in Sellards's hands, guinea pigs immune to 
the spirochaete of Weil's disease give serums that produce posi- 
tive Pieiffor's reaction for both spirochetes. Certainly, upon 
such data it is impossible at the present time to accept L. icte- 
roides as the cause of yellow fever, 

» Leptospira icterohemorrhagix is found in the kidneys of a 
large portion of wild rats in certain parts of the world, Jn 
Тарап(6) nearly 50 per cent of wild rats are infected; and in- 
fectious jaunlice is prevalent each year, particularly from 
September to November, In the United States Jobling and 
Eggstein(7) found 10 per cent of the wild rats caught in 
> "Nashville infected with this organism, In Baltimore Walch and 
Waleh-Sorgdrager(8) found about 33 per cent of rats infected; 
Langworthy and Moore(9) report 40 to 60 per cent for Albany; 
"Brill(19) finds about 20 per cent of field mice positive in flooded 
districts of Germany. In a recent study of wild rats, caught 
in and around Manila, in the Philippines, we have been able to 
find only one'rat out of two hundred fifty examined infected 
with this spirochate. While no case of Weil's disduse із on 
record in the Philippines, these results appear unusual іп view’ 
of the great amount: of international shipping, especially be- 
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tween the Philippines and Japan and Formosa where infectious ' 
jaundice is prevalent. Recently Cushing(11)" has reported in 
New York City two cases of infectious jaundice, In both cases 
cultures from the urine yielded the organism and in one case 
a culture from the cerebrospinal fluid yielded the organism. 

Considering the wide-spread distribution of the spirochate 
of Weil'sZ) disease there can be no question that this is a 
disease sui generis. That it resembles in its clinical manifesta- 
tions mild cases of yellow fever is unfortunate, particularly in 
view of studying the etiology of the latter. That its causative 
agent so closely resembles the spirochaete described by Noguchi 
as the cause of yellow fever is also unfortunate, and it should 
be apparent that we must look elsewhere, probably to the field 
of the filterable viruses, for the real cause of yellow fever. 

If reports are correct the Yellow Fever Commission of the In- 
ternational Health Division of the Rockefeller Foundation on 
the Gold Coast has recently transmitted yellow fever to monkeys. 
In a preliminary note Stockes, Bauer, and Hudson(13) report 
that they have been able to infect monkeys (Macacus rhesus) 
with blood from yellow-fever patients. The first monkey in- 
oculated in this manner died in five days. The virus has been 
carried from monkey to monkey by inoculation of blood or 
serum thirty times. The disease transmitted resulted fatally in 
every case except one. Aédes zgypti mosquitoes became in- 
fected when allowed to feed upon infected monkeys and were 
then able to transmit the disease to normal animals, The mos- 
quitoes were infective in about sixteen days and remained 56 
until death. Serum of infected monkeys filtered through Berke- 
feld V and N filters and through the Seitz asbestos filler con- 
tains the virus and is capable of transmitting the disease to 
healthy monkeys. These authors have further demonstrated 
that 0.1 cubic centimeter of convalescent serum from а case of 
yellow fever protects monkeys against fatal doses of virulent 
blood as well as against the bites of infected mosquitoes. No 
leptospira has been found in the body fluids or tissues, It is 
to be hoped that the work now in progress will result in the 
discovery of the true.etiology of this disease and suggest methods 
of attack for its final eradication.* 


* Since the preparation of this review several other papers 
reared in the literature by the yellow-fever commission working in 
‘These papers аге to be foimd in the American Journal of Tropical Medicine 
and the Journal of the American Medical Association for 1928. 
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___Imeubation period—The incubation period of yellow fever 
ranges from four to thirteen days. Usually it is four or five 
days but is said to be shorter in some instances. Manson(14) 
states that its extreme limits are one to fifteep days in ће 
temperate zones, and one to thirty days in the Tropics. Epi- 
demics have been known to develop two weeks after the arrival 
of a ship in port bringing yellow-fever patients with it, 
Symptoms.—As in other febrile diseases the symptoms шау 
develop suddenly with a rise in temperature and chills or there 
may be prodromal symptoms consisting of general malaise lead- 
ing up to the more acute symptoms, Usually the symptoms of 
the disease in uncomplicated cases may be divided into three 
stages: The initial fever, which may or may not be accompanied 
by chills; the so-called period of calm; and, in the most severe 
cases, the period of reaction, The initial fever is usually sud- 
den, the maximum temperature occurring within the first 
twenty-four hours. The temperature may rise to 103 or 104° F. 
Following the initial rise in temperature there is a steady drop 
to 98 or 99^ F. In some cases the high temperature may per- 
sist for several days and may not reach its maximum until the 
seventh or eighth day. With the rise in temperature, or soon 
after, there is usually a chili, headache, supraorbital pain, and 
pain in the eyeballs associated with photophobia. There may be 
join pain, pain in the back, legs, knees, calves, and ankles. 
Epigastric pain may be a prominent symptom. The skin is 
dry, the face flushed and swollen. The pulse ranges from 100 
Мо 120 during the first stage but falis to 30 оғ 40 during the 
period of calm. This has been designated Paget's sign. Later 
the tongue becomes coated, dry, and pointed, and thirst becomes 
intolerable. , The palate is congested as ate the gums, the latter 
often bleeding profusely. The eyes become congested and son- 
ken, and by the third day the sclera become yellowish. Often 
the skin assumes a yellowish tinge, but in some cases this ckange 
is entirely absent. When present the color ranges in intensity 
from a saffron tint to deep mahogany brown. In fatal cases 
the yellowish color of the skin is always present, particularly 
after death. There is practically always а supression of urine 
and the appearance of albuminuria, ‘The more pronounced these 
symptoms, the graver the prognosis. The urine is acid and 
contains casts and blood. The patient may suffer from insom- 
nia, especially after the third day of the disease. Delirium may , 
occur, In severe айвез coma may come on near the end of the 
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iliness just preceding death. Nausea and vomiting are com- 
mon. Black vomit is usually regarded as a grave symptom’ 
Such vomited material consists of disintegrated red blood cor- 
puscles and bzmoplobin. It is markedly acid. In some cases 
the stomach contains pure blood. Hamorrhagescnay also occur 
in other parts of the body, from the nose, mouth, bladder, uterus, 
and anus. Аз a rule there is no anzmia and there із first а 
slight leucocytosis followed later by leucopenia. Death may oc- 
cur early in the course of the disease, but usually occurs on the 
fifth or sixth day. The mortality may reach 80 per cent, but 
usually does not exceed 20 per cont. Among natives in endemic 
aveas it may be lower, ranging from 7 to 10 per cent only, 

Animals susceptible.—Man is the natural host for the virus 
of yellow fever. According to reports from the Gold Coast the 
commission now studying yellow fever has been able to infect 
monkeys. According to Noguchi’s work Leptospira icteroides 
is infective for guinca pigs. 

Immunity.—The immunity produced by one attack of yellow 
fever is usually permanent. Relapses are rare and are dan- 
gerous when they occur, : 

Transmission.—As stated before yellow fever is transmitted 
to man by the bite of a mosquito, Aédes egypti. Manson states 
that yellow fever may be regarded as a “place disease” like 
malaria, The disease usually occurs in low-lying, hot, insanitary 
districts near the wharves and docks of seaport towns, How- 
ever, it has occurred at high elevations (Sao Paulo, Brazil, 
2,500 feet). The discase also follows the rivers and the flat 
delta country. According [о some investigators the virus re- 
quires tweive days incubation in the body of the mosquito before 
the disease can be trahsmitted to man. Reed and Carroll found 
Aédes xgypti brecding chiefly in rain-water barrels, sagging 
gutters, tin cans, cesspools, horse troughs, and in water at the 
bast of Jeaves. As а rule this mosquito does not Яу long dis- 
tances and is found chiefly around and in the houses in endemic 
areas. The mosquitoes of this species copulate during the day 
time, but no eggs are produced until the female has had а meal ` 
of blood. Usuaily the female deposits her eggs upon or near 
the surface of the water within a week after a meal of blood. 
The larvæ rest usually near the top of the water but are coa- 
gidered to be bottom feeders, The story of the eradication of 
this mosquito in Panama by General Gorgas із well known ahd 
necds no further elucidation here. The transmission of dengue 
fever by, the | game species of mosquito has been described else- 
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where as well as the relation between these two diseases. (Sec 
‘Dengue Fever.) 

Pathology.—The anatomical changes in yellow fever may be 
‘ummed up as follows: The pigmented skin is more pronounced 
in the more dependent parts of the cadaver, düe to diftused 
hæmoglobin rather than to bile pigments; petechie are common 
in the skin and membranes; the tissues of the body and brain 
ave hyperemic and may show minute hemorrhages; all the 
tissues, including cartilage, are jaundiced; red blood cells ap- 
pear normal; the blood in the vessels is not firmly codgulated; 
there is generalized fatty degeneration of the capillaries and 
small blood vessels as well as the liver} the stomach and intes- 
tines may contain а dark acid material and the mucous mem- 
branes are swollen and show patches of eechymosis; the spleen 
shows little change; the kidneys show signs of 2 parenchymatous 
nephritis, the rena) epithelium showing cloudy swelling and fatty 
degeneration; lime casts in the kidney tubules have been ге- 
garded as characteristic of this disease. 

Control measurcs—The control of yellow fever rests upon 
the eradication of the vector, Aódes gypti, Without this mos- 
quito the disease cannot spread. Watertanks, cisterns, cess- 
pools, etc., should be properly screened; water containers, such 
as tin cans, water barrels, сіс, destroyed or so protected that 
mosquitoes cannot gain access; and in general the usual methods 
of preventing the broeding of mosquitocs should be employed. 
Quarantine and isolation are of course indicated in endemic and 
"epidemic areas, 

No immune serum, except that prepared by Noguchi with Le; 
tospira ictoroides, is as yet available for immunizing purpose 
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DENGUE FEVER 


Defnition.—Dengue is an acute infectious disease transmitted 
from man to man by the mosquito Aédes egypti (Linneus). 
lt is characterized by jts sudden onset of fever and malaise 
and in а Jarge percentage of cases a mild scarlatiniform or 
measleslike rash. 

History.—We ате indebted to Siler, Hall, and Hitchens(1) for 
а recent and critical study of the cpidemiology and experimen- 
tal transmission of this disease in the Philippines іл 1924 and 
1925, Thesc authors have prepared ап exhaustive treatise on 
the subject of dengue including its history, epidemiology, me- 
chanism of transmission, etiology, clinical manifestations, im- 
munity, and prevention. ыы 

According to Nothnagel(2) the exact etymologie origin of the 
word "dengue" is unknown. It has been thought in turn to 
have originated from old Arabic, East African (dinga), Indian 
(dangec), and Spanish (denguero, meaning “affected” or 
“dandy-like"). In various parts of the world this disease із 
known by different names; for example, in Brazil it is called 


America "broken wing" ос “breakbone fever;" in the Dutch 
colonies "knockelkoorts" and "ankle fever;" in Arabia, Зума, 
Egypt, and Tripoli it is known as “abou-abous,” “ahou-rekabe,” 
knee pain, "pére des genoux," and “des massues.” Because of 
the rash it has been known as “fiévre rouge," “calentura roja." 
“rosalia,” “colorado,” “giraffe,” and “bouquet.” A common 
appellation for many years for this disease has been “scarlatina 
rheumatica” and at least twenty other names have been em- 
ployed to designate it in different parts of the world at different 
times, 4 

Nothnagel states that the first epidemic of dengue fever oc- 
curred in the year 1779. At about the same timé the disease 
was prevalent in Java and at Cairo and Alexandria, In the 
following year the affoction was noted ‘on the coasts of Corb- 
mandel, Arabia, and Persia, The same year it appeared in 


4 г { 9 n 


in the English colonies “pantomime fever;" in‘ 
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Philadelphia and four years later, for the first time, it appeared 
in Europe (Cadiz and Seville), Epidemics were then noted in 
different parts of the world in 1818, 1824 to 1828, 1830 to 1870, 
and 50 on with unremitting frequency up to the yresent time. 
(See Siler, Hal and Hitchens.) 

The transmitting mosquito for this disease, Aédes ægypti, was 
described by Linnzus in 1762, seventecn years before the disease 
was first noted in Java. 

Distribution—Dengue fever is most prevalent in tropical and 
subtropical countries. The disease has appcared as fat north 
as Philadelphia and has been common in, some of the Southern 
States. » 

The virus of dengue fever.—The virus of dengue fever is 
present in the circulating blood during the first three days of 
the disease. In 1903 Graham(3) reported the transmission of 
the dengue virus by mosquitoes. In this early work the exact 
species of mosquito responsible for the transmission of this virus 
was not definite. While Graham worked with Culex fatigans he 
was not certain that there were no Stegomyia (Aédes agypti) 
among his mosquitoes. In fact he admits that in perhaps all 
of his experiments both species were present. Subsequent work 
tends Фо confirm this. Graham also attempted to demonstrate 
the presence of the dengue virus in the mosquito by injecting 
a suspension of salivary gland, from presumably infected mos- 
quitocs, under the skin of а volunteer. This patient developed 
a chill and high fever on the third day with an attack resem- 
bling dengue. In the blood Graham found a parasite which he 
thought to be a protozoan resembling the plasmodium of malaria. 

in 1907 Ashburn qnd Craig(4) reported one case in nine per- 
sons bitten by Сет fatigans. АЙ of thèse volunteers were 
soldiers who had passed through an epidemic of dengue at 
Fort William McKinley (Philippines) without having them- 
‘selves been infected. Three of these cases were found to be 
immune; three possessed relative immunity (large amounts of 
infected blood only produced mild symptoms); опе case may 


“һауе had dengue before; in one case the incubation period was 


prolonged and another case was found to be susceptible to dengue 
upon subsequent infection although the mosquitoes refused to 
bita this patiént during the experiment. In 1916 Cleveland, 
Bradley, and McDonald) in Australia infected’ four of. 
sevèn persons with Stegomuia fasciata which Бай been trans, „ 
ported to Sydney (гой an infected district, Experiments wit 
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Culex fatigans were unsuccessful. The blood from infected 
cases when injected into suscepüible volunteers reproduced tite 
disease. This work in Australia was later confirmed by the 
work of Siler, Hall, and Hitchens in the Philippines, These 
authors experimented with sixty-four volunteers in the Philip- 
pines, and demonstrated further that the period of incubation 
in the mosquito ranges between cleven and fourteen days and 
that the virus із not transmitted hereditarily through the eggs 
of the mosquito. 

The ‘viras of dengue fever is füterable through Berkefeld 
filters according to the work of Ashburn and Craig. Its fil- 
terability has been costirmed repeatedly by subsequent investi- 
gators so that there no longer remains any doubt upon this 
point. While Cleland, Bradley, and MeDonald were unsuccess- 
ful in some of their filtration experiments with this virus, they 
concluded that such failures of filtration were due to slow fil- 
tration and the plugging of the filter pores through which the 
finid had to pass. Filtrates of blood from denguc-fever cases 
are capable of inducing the disease in susceptible individuals 
when injected intravenously. According to Koizumi, Vamagu- 
chi, and Tonomura(6) the serum from infected blood which has 
been allowed to clot also contains the virus and is capable of 
inducing the infection in susceptible individuals. Тһе virus 
remains viable in blood at ice-box temperature for over ninety 
hours but is readily destroyed at room temperature. Various 
organisms have been described as the causative agent in dengue 
fover, but no claims for etiology have as yet been substantiated, 
At present we may say that the virus of dengue still remains 
undetermined and uncultivated. While the cpidemiology of ‘ 
dengue fever and yellow fever are quite similar, до direct evi- 
dence has been presented that the causative agents are similar. 
The possibility of the identity of the causative agents in these 
two diseases has been suggested, but there is no baeis for such ап" 
assumption. According to proponents of this theory the dengue 
virus may represent a markedly attenuated or in some-way- 
changed form of the yellow-fever virus and eventually, so it^ 
is thought, when the true etiological agents in these two diseases 
have been determined, it will be found that they are at least 
somewhat similar in their nature. The recent work of Sel- 
lards,(7) Which again raises doubt as to the'significance of No- 
‘guchi’s Leptospira icferoides in yellow fever, if confirmed, may 
again throw the etiology of yellow fever into the realm of the 
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unknown, and, possibly, eventually with the filterable virus 
Miseases. This should be encouraging for those who advocate 
the theory of the dual etiology of these two diseases. While 
speculation on this matter is permissible, any prophesy is en- 
tirely out of „place. More recently Sellards and Siler have 
described rickettsim in mosquitoes (Addes xgyptt) infected with 
the virus of dengue fever. 

incubation period in dengue.—Silcr, Hall, and Hitchens found 
that "the average incubation period was six and one-twentieth 
days; in 25 per cent it was less than five days; in 60 er cent, 
less than six days; in 75 per cent, less than seven days; and 
іп 90 per cent, less than eight days,” > These authors concinde 
that incubation periods of more than ten days must be very 
rare in the naturaily acquired cases. Their results may be 
taken as confirming for the most part the work of previous 
investigators on this question. 

Symptoms.—The onset is usually sudden without prodromal 
symptoms. Fever, headache, pain in the limbs and back, and 
а general feeling of malaise are usually the first symptoms noted. 
The appetite may or may not be impaired. Postorbital pain 
and tenderness are nearly always present. Mental depression 
is quite characteristic of the disease, Muscular and joint 
pains may be so severe as to make any movements of the 
body almost impossible. Children may have convulsions carly 
in the course of tho disease, "There 15 usually decp congestion 
of the skin of the face and neck; the face appears swollen 
"and the eyes suffused and congested. Erythematous mottling of 
the skin of the chest, back, arms, thighs, plantar and palmar 
surfaces, and the neck is usually present, but it may be entirely 
absent in sqme cases. The absence of such a rash should not 
rule out dengue fever. The temperature may rise rapidly to 
103° К. or more and remain at a high level for twenty-four to 
forty-eight hours when usually there is a drop, then a rise within 
а day or two: sometimes a few days elapse before the second rise, 
forming a saddle-backed curve. A secondary skin rash usually 
appears when the temperature begins to return to normal This 
rash is usually spoken of as "scariatiniform" or "morbilliform' 
or “purpurie.” It does not always appenr, but when it docs 
35 is quite characteristic. Other symptoms such as jaundice, 
diarrhea, loss ia weight, epistaxis, glandular ihvolvement, 


Swelling of the joints,"and photophobia may occur. Complica- | 


Death from dengue fever is unknown, The 
> 


En ES У ~ 


tions are rare. 
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blood shows a tendency toward leucopenia, and in some cases 
the number of leucocytes may be markedly diminished. Theré 
is also a relative lymphocytosis. 

Animals susceptible to the virus of dengue.—AM experiments 
to infect animals other than man have failed, Efforts to infect 
hogs, dogs, guinea pigs, rats, rabbits, and monkeys have met 
with little success. Reports of the establishment of the disease 
in laboratory animals remain unconfirmed. 

Immunity—That a definite degree of immunity is produced 
by virtue of one attack of the disease appears to be established. 
However, this immunity із exceedingly variable. I have seen 
a patient the victim of this disease on two occasions within six 
months. In many individuals undoubted immunity is produced, 
which may last a year or longer. Yt seems quite apparent that 
some persons possess а natural immunity against this virus and 
reside in endemic and epidemic areas for many years without 
becoming victims of the discase. 

Control measures.—Dengue fever, while never fatal, is im- 
portant because of the great loss in time during the infection. 
Therefore, it becomes an important problem economically, and 
preventive measures should be instituted against it The most 
important measure is the eradication of the transmitting mos- 
quito. The incidence of the disease may be considerably lowerea 
by the use of mosquito nets, particularly during the day time. 
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‚+ NAIROBI DISEASE OF SHEEP 


_ Definition —Nairobi disease of sheep is a specife, febrile, 
infectious disease of sheep and goats that is characterized by 
an acute hemorrhagic gastroenteritis. The caus of the dic. 
ease is thought to be a filterable virus that can be conveyed 
by the "brown" tick, Rhipicephalus appendiculatus. 

& History and distribution.—According to Montgomery (2) this 
disease was first noticed November 28, 1910, by Mr. Н. Brass 
sey Edwards, veterinary officer of the Nairobi district. , Mont. 
gomery states that— 
sheep arc in this country traded from the Мавы, Suk, and Turkana coun- 
tries and the Northern Frontier for disposal to the Kikayu Native Resorves 
or to the Nairobi population. A very great number therefore pass through 
the Nairobi township annually, and the mortality among them while 
staying there is high. 

For this reason the disease has been designated “Nairobi 
disease.” The Kikuyu Native Reserve near Kabate has been 
naturally infected sevoral times between 1910 and 1915. In 
1911 Montgomery found this disease to be present in the 
Kedong Valley and at Juja near the Athi River. Montgomery 
further states that— 


За 1913 cases occurred at Makindu Railway Station, and in the same 
year many settlers on the Fort Hali Road purchased (тада sheep which 
were passing from Fort Hall towards Nairobi. At purchase the animals 
appeared healthy, but within a fortnight nearly all died, Positive evi- 
dence of this divease was obtained from one farm. 

‘in 1914 the discase was diagnosed at Kikuyu Station; and it occurred 
at Voi, Burra, and Maktau among military siaughter sheep in this and 
the following year. 

‘The natives designate the disease "Kuharo" wi means diarrhoea 
and about one half of the sheep born are lost. ‘hey һауе attributed it» 
cause to diet. According to Montgomery he has never encountered any 
immune sheep coming direct from ihe Мазай Reserve оғ from the Rift 
Жаһеу and he believes that those districts are probably free from phe 
infection. He states “ns the direction of trade is away from these сеп- 
ters, it is probable that the discase has not yet had an opportunity of 
reaching them, and, in addition, it should be noted, the Masai Reserve 
and the Rift Valley are, in the main free from East Coast fever, а {геейога 
probably due to а grest paucity of the brawn tick, the transmitter of 
both diseases. 

The virus of Nairobi disease of sheep.—The virus of Nairobi 
disease is present n the blood stream of infected animals, It 
is also present in the sctum of clotted blesd, in saline extracts | 
of organs, in the pericardial fluid, and in the urine. Mont- 
| S 
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gomery failed to demonstrate Из presence in bile, The virus « 
may be present in the fæces of infected animals, but conclusive 
experimental proof of this is lacking. Infected blood after fil- 
tration through a Berkefeld candle remains infectious and pro- 
duces the typical disease in test animals. The disease may be 
induced in susceptible animals following subcutancous, intra- 
venous, or intraperitoneal inoculation of infected blood. The 
typical discase may also be produced by intradermal inoculation 
such as the application of one or two drops of infected blood 
upon stavified arcas of the ears. As little as 0.02 cubic centi- 
meter of infected blood is sufficient to produce the disease іп 
lest animals, though 0901 cubic centimeter failed to induce the 
infection. Susceptible animals may be infected with Nairobi 
disease per os, though simple contact, in paddocks free of ticks, 
does not lead to contraction of the discase, The adults of Rhi- 
picephatus appendiculatus, which feed as nymphs: upon infected 
sheep, are capable of conveying the infection. Working with 
citrated or defibrinated blood or with plasma and scrum, all 
from infected animals, Montgomery has shown in the following 
Protocol that the virus of Nairobi disease is filterabla through 
both Chamberland F and Berkefeld No. 7 filters. 


Ташев T-—Nairobi disease. 
CHAMBERLAND ғ. 


9 


| 


From fnese experiments it is evident that the intectious agent 
, fin Nairobi disease should be classed with the group of ultra- 
viruses, А 
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„Ап animal that has recovered from the disease does not 
harbor the virus. The virus in citrated blood or sterile serum 
remains viable for about twenty-cight days when exposed to 
the air and as long as forty-five days in sealed tubos. Virulent 
blood mixed with equal parts of oxalate-carbol-glycerol solution 
remains infective for about one week, which is illustrative of 
the marked resistance of this virus. The virus is destroyed 
by drying in storage for seventy-two hours at 37° С. The virus 
resists heating to 50° С. for two hours but is destroyed at 60° 
С. within five minutes. Ж 
Incubation pcriod.—The incubation period varies from five 
to fifteen days in experimental cases of the disease. On the 
average by tick transmission it is about nine days. 
Symptoms,—Within forty-eight hours following inoculation 
with infectious material in sheep, there is a rise in temperature 
to 105 or 106° Е, The rise is sudden and remains between 
105 and 108° F. for one or two days when it suddenly falls 
to normal. Within one or two days death or recovery results, 
Death usually occurs between four and eight days following 
inoculation with infectious material, In two Inmdred twenty- 
four sheep Montgomery found the average to be one hundred 
forty-cight hours. Following infection with ticks the incuba- 
tion period averaged 9.4 days in Montgomery's experiments and 
the reaction 3.6 days, Upon the last day of the reaction (sharp 
fall in temperature) the infected animal appears dull and is 
somewhat off feed. The symptoms then become more marked. 
‘There is loss of appetite, marked depression, increased respira- 
tion and pulse, discharge of mucus from the nostrils, and an 
- involuntary diarrhea associated with much pain. The faces 
are dark green. Coma may precede death Бу twenty-four hours. 
Diarrhæa is rare in cases that recover. The mortality varies 
according to breed of animals. Montgomery gives the follow- 
Таш figures: Masai sheep, 71.5 per cent; Grade sheep, 31.5 rer 
cent; Merino sheep, 30.7 per cent. 

Animals susceptible to Nairobi disuse —Sheop (Masai, Grade, 
and Merino) are all susceptible. Grade Angora goats from the 
Rift Valley are susceptible to the infection. Both native'and 
imported cattle, buffaloes, Arab and Indian horses, mules, don- 
keyg, pigs, dogs, rats, mice, rabbits, and guinea pigs, a proved 
resistant to the virus. 

Immwnity.—One attack of the disease confers а definite pro- 


tection against subsequent attacks. The exact length of timê 
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over which this immunity lasts is unknown, ,but it certainly 
lasts for several months and in some cases perhaps years, Dii- 


ferent breeds of sheep show varying degrees of Susceptibility, ` 


Grade and purc-bred show a much higher resistance than native 
sheep as judged from the mortality statistics All attempts 
to devise methods for prophylactic immunization have failed. 
Antiserum preparations in sheep apparently possess marked 
hemolytic qualities, a phenomenon that has also been noted in 
African horse sickness and remains unexplained, 


Pathdlogy.—Sheep dead of Nairobi disease exhibit typical 


anatomical changes in the gastrointestinal tract. The mucosa . 


shows a variable degfee of hyperemia and edema which is 
more marked in the large intestines. In folds it exhibits pro- 
nounced hamorrhagic strie. Usually the lumen of the intes- 
tines is empty but when containing fæces the mucosa is studded 
with petechiz. The liver is only slightly enlarged, the gail 
bladder is distended, and the mucosa is frequently petechiated, 
The spleen is enlarged. The trachea and bronchi are hypera- 
mic and in some cases hemorrhagic. The epicardium is pete- 
chiated, and the endocardium shows ecehymoses. The lymph 
glands are for the most part enlarged and congested. 

Control measures.—The basis of prevention in this disease 
lies with the eradication of the tick. Dipping of cattle at three- 
day intervals has been suggested as a contributing measure to 
assist in the eradication of the tick. While it appears that the 
adult tick that in the nymphai stage fed upon infected animals, 
is capable of transmitting the disease, it has not been deter 
mined definitely if larve born of infected females can do so. 
In either case the eradication of the tick in all its stages of 
development is indicated. D 

Reference 1. MONTGOMERY, Journ. Comp. Path, and Therap. 30 (1917) 
28-57. 

ж CATARRHAL FEVER OP SHEEP 

MALARIAL CATARRHAL FEVER, GEEL DIKKOP, Векмекте, Ови, BEK 
Braw тоха 

Definition.— Catarrhal fever of sheep is an acute febrile in- 
fectious disease which occurs in sheep in South Africa. It is 
characterized by hemorrhagic stomatitis, marked edematous 
swelling of the forchcad and laryngcal region, and а eyandtic 
„discoloration of the tongue. ‹ * 

47. History.—Cotarrhd! fever of sheep was first described by 
Hutcheson and Sprcull(1) and later by Paine(2) and Theiler. (3) 
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+ For many years it has been prevalent in parts of South Africa 
and at times Ваз caused great losses in sheep. 

Distribution—The disease is limited to South Africa and 
occurs in this region under local and periodical conditions sim- 
ilar to horse sickness, Ў, 

Incubation period оў catarrhal fever—The incubation period 
on the average is about four days. In some cases it is slightly 
more or less. 

Symptoms.—The disease is characterized by a rise in tem- 
perature to 42.5° C., dullness, and diminished appetite A se- 
vere hemorrhagic stomatitis develops accompanied by shedding 
of shreds of epithelium and a marked ‘edematous swelling of 
the forehead and the laryngeal regions, The tongue becomes 
swollen and blue. The swollen parts later may become hard 
and wrinkled; ulcerative keratitis and panophthalmitis, diar- 
rhea and icterus may develop, The mortality is about 40 pcr 
cent. In favorable cases the discase runs Ив course in about 
three weeks. 

Animals susceptible to catarrkal fever—The disease is in- 
fectious 10 sheep but not to goats. No other kind of animal is 
affected. 

The virus of catarrhal fever of sheep.—The virus is present 
in the blood of infected animals during the course of the dis- 
ease and is said to persist in the blood stream for nearly two 
months after recovery from the disease has taken place. Sprcull 
transmitted the disease to shecp with filtered blood thereby de- 
monstrating that it is one of the ultramicroscopic viruses. The 
naturai infection appears to be transmitted by insects. The 

У virus has never been cultured and little is known regarding its 
nature. р 

Immunity.—One attack of the disease protects animals from 

second attacks, Immunization of susceptible animals may be 

> "produced by simultancous vaccination with 4 cubic centimeérs 

of serum from highly immunized sheep and 2 cubic centimeters 

of virulent blood. A mixture of serum and virus, 2 : 1, js also 

' said to give satisfactory results. Theiler states that in serial 

inoculation of sheep the virus becomes attenuated after about 

ten passages and then may be used for vaccine without fear of 
infection. 5 

Pathology.—The' anatomical changes include the local changes. 
aróund the head, moderate swelling of thù spleen, and signs of 

а generalized infection and anzmia. ` 
' SS 
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Control measures. Preventive measures consist in pasturing 
sheep on high dry pastures during the epidemic period of the 
year and in prophylactic immunization of susceptible animals, 
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AFRICAN HORSE SICKNESS 


SÜDAFRIKANISCHr PFERDESTERRE (GERMAN); PESTE pv CHEYAL (FRENCH) 
PAARDONZIEKTE, РЕВВЕЛЕКТЕ (HOLLAND) 

Definition African horse sickness, or “pestis equorum," is 
an infectious, noncontagious disease of horses and mules. It 
occurs in South Africa and is characterized by œdema of the 
subcutaneous and intramuscular tissues, catarrhal inflaramation 
of the stomach and duodenum, and hæmorrhages in the internal 
organs. It is caused by a filterable virus. 

History —African horse sickness has been known for over 
опе hundred years in South Africa. Prior to 1900 the disease 
was considered by Sander() to be a form of anthrax, and was 
confused by Rickmann(2) and Edington (3) with piroplasmosis, 
In 1900 МеҒадусаһ(4) proved that the virus of African horse 
sickness is a filter passer. This was soon confirmed by No 
card(5) in 1901 when he demonstrated that the virus passes 
through а porcclain “filter, Important contribution has been 
made to the study of this disease by Theiler, (8) and a method of 
immunization has been devised by this author, 

Listribution.—The chief distribution of this disease, as its ^ 
name implies, is in South Africa. it has also been reported 
in Abyssinia, in Bast Africa, and in Arabia, 

Incubation period —The period of incubation in African horse 
sickness is usually six to seven days. (Theiler.) 

Symptoms,—The disease occurs in two forms, acute and sub- 
acute, То, е acute form, dunkop-paardenziekte, the tempera- 

ure at first rises to 40 to 42° C. Тһе appetite remains good, 

‚ “but toward the seventh or eighth дау the animal becomes weak 
and the respiration is accelerated and labored. In most favor- 
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able cases the symptoms then gradually subside and the patient 
improves rapidly to recovery. In other cases edema of the 
lungs develops and there is marked frothing from the mouth 
and nose. The lymph glands become swollen, and just before 
death the température drops; the animal dies from dyspnea and 
heart weakness. 

„The disease develops much more slowly in the subacute form, 
dikkop-paardenziekte. The symptoms in this form of the dis- 
case arc much the same as in the acute form. (Edcmatous 
swellings appear around the orbits, and on the forehcad, chest, 
and abdomen. The tongue may be markediy swollen, blue 
tongue, and there may be marked exophthalmia. In the ma- 
jority of cases recovery takes place, The acute form of the 
disease is usually fatal, but the subacute form is much milder 
and most of the animals recover from this form of the discase. 
The disease is believed to he transmitted by some fly or other 
insect. According to some authors anopheles and stegomyia 
mosquitoes that have fed upon an infected horse within forty- 
eight hours serve to transmit the disease to healthy animals, 
Reinecke(8) produced a fatal disease in one horse by injecting 
an extract from ticks which he had collected in the African- 
horse-sickness district in Africa the year before, 

Animals susceptible to the virus of African horse sickness. — 
The disease is limited to horses and mules. Donkeys do not 
become affected spontaneously. 

‚Те virus ој African horse sickness.—Infected blood diluted 
with salt solution and fillered through Berkefeld or Chamber- 
land B and F filters is capable of producing the disease in sus- 
ceptible animals. Elood taken from horses during any stage 
of the disease’ produces the disease in susceptible horses when 
injected subcutaneously, intravenously, intratracheally, or in 
the lungs, or administered per os in doses ranging from 0.0005 
to 1 cubic centimeter. The virus is also contained in the exu- 
date of the bronchial secretions, The virus does not vemain 
in the blood stream of animals that have recovered from the 
“disease. According to Theiler the virus ig quickly destroyed 
by the action of the sunlight and by drying, though it resists 
heating to 45° С. and 3 per cent phenol. 

Horses are susceptible to artificial infection. Mules аге Кз 
so., According to Edington it is possible t infect cattle fatally 
and to produce fever reactions in goats and sheep. 
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Immunity in African horse sickness—One attack of the dis- 
euse confers a mild immunity in that second attacks are never 
so severe as the first. It is said that an attack of the disease 
will protect «bout two-thirds of the animals from natural in- 
fection, Artificial immunity may be produced by a number of 
methods; the Theiler method is considered the best, This is 
а simultancous method and consists of the injection of immune 
serum at the time that a smal) dose of virulent blood is given. 
Upon the appearance of a febrile reaction following the immuni- 
zation a second injection of serum is administered. A small 
number of animals areiost by this method, but generally speak- 
ing it is most satisfactory. Still other methods of immuniza- 
tion have been advanced by Кесһ(7) and by Rickmann. In 
the preparation of the immune serum recommended by Theiler 
it is best to use a number of strains as it appears that the 
Serum prepared from one strain only will not protect against 
all strains of the virus. 

Pathology.—The chief findings at autopsy in animals dead 
of African horse sickness are infiltration of the subcutis and 
intramuscular tissue, acute swelling of the lymph glahds, and 
catarrhal swelling of the mucous membrane of the stomach, 
haemorrhages in the intestines, in the heart muscle under the 
endocardium, and in the kidneys. The liver and spleen may be 
hyperemic and enlarged, 

Control of African horse sickness.—Pasturing animals in high 
and noninfected pastures during the summer time is recom- 
mended, and it is thought that by breeding immune animals 
resistant breeds may in time be produced. Immunization by 
Theiler's method is recommended, 
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PAPPATACI FEVER. > 


PHIEBOWOMUS FEVER; SAND-FLY FEVER; THREEDAY FEVER 
Definition.—Pappataei fever is an acute infectious disease 
characterized by its sudden onset and short duration (threc 
days). It is probably due to a filtcrable virus. 
History.—A disease characterized by fever and of thite days! 
duration has been known to occur in the Mediterrancan region 
for more than one hundred years. According to Vaughan() it 
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was prevalent in Malta during the Crimean War and in the 
' seventies of the last century was noted by Italian physicians and 
Austrian physicians stationed on the Adriatic coast. Doerr and 
Russ(2) іп 1909 demonstrated the infectivity of the blood in 
this disease. Taussig (1905) and McCarrison (1906) called 
attention to the sand fy Phlebotomus pappatassit as the pos. 
sible carrier of the disease. For this ‘reason "phlebotomus > 
fever” and “pappataci fever” have been employed {о designate 
t TUN 
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the discase. On account of its duration the disease is frequently 
referred to as “three-day fever" іп 1913 Birt(3) published 
a review of this disease and cited the literature on the subject 
up to that tima, 
Distribution —While the disease was first notel in the Medi- 
terranean region, it has been reported as occurring іп Swit- 
zerland, the Balkans, Greece, southern Russia, Egypt, Sudan, 
Uganda, China, India, South America, and the southern United 
States дай California. Vaughan states that the phlebotomus 
has never been present in Bermuda and the disease has never 
been prevalent there. | 
The virus of pappataci fever.—The virus оГ pappataci fever 
is present in the blood stream of man during the first twenty- 
four hours of the disease. Tt is filterabie through a Berkefeld 
filter as js the virus of dengue fever, In many of its clinical 
aspects the disease resembles dengue fever and influenza, Тһе 
virus has not been cultivated and remains unidentified, 
Incubation period.—The incubation period in this disease ін 
usually given as three to seven days, While the prodromal 
symptoms are not marked there may be a gencral Теб пр of 
lassitude with slight aching pains in the back and limbs. 
Symptoms —The onset of the disease is sudden. Chills; fever; 
pains in the back, head, and limbs; congestion of the conjunc- 
tiva; irritability; and general lassitude are all characteristic 
of the disease, The temperature may rise to 102 or 1052 Е. 
In some cases there is а dry cough. The blood shows a marked, 
leucopenia and a decrease in the percentage of polymorphonu- 
Clear cells, In some cases there may be a slight mcasleslike 
rash as in dengue fever. After two days the temperature be- 
gins to fall, and during this stage of the disease thare is a ten- 
dency to nose bleed and vomiting. Тһе patient quickly recovers, 
and there is no mortality. In July, 1918, several American 
Artuy divisions in France were affected by this disease, the ‘ 
course of the affection being typical of the description given 
above. 
Animals susceptible to the virus of pappataci fever—In so ^ 
far as is known man 13 the only species susceptible to this virus, 
Immunity.—it is said that one attack of this disease confers 
a definite immunity against subsequent attacks, (Rosenau’s 
Preventive Medicine and Hygiene, 5th ей, р. 919.) 
«^ Control moasures.—sThe phlebotomus is a small Ay, gnat, òr 
midge, about 3 millimeters in length. On'account of its small 


Ces 4. кз 


McKinley: Filterable Virus Diseases 197 


size the usual preventive measurcs employed against biting in- 
sects such as sleeping under nets are of no avail. Destruction of 
breeding places and of the aduit fly is to be recommended as 
perhaps the best fundamenta] measure for the control of this 
disease, 7 
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Since the section on yellow fever was prepared several reports have 
been published by the Yellow Fever Commission on the Gold Coast regard- 
ing their investigations of this disease. It has been demonstrated that 
the macacus monkey is susceptible to the virus of yellow fever, while the 
local Africam monkey, guinea pigs, Indian crown monkey, and chimpanzee 
are insusceptible. Further, it has been shown that convalescent serum will 
protect Macacus rhesns against the disease. The virus is not transmitted 
to the second generation of mosquitoes through the eggs, and apparently 
the virus is not filterable as it exists in the mosquito, Те has also been 
shown ty Bauer that Addex ауры is not the only mosquito capable 
of transmitting the disease. Bauer and Hudson have also demonstrated 
that the yellow.fever virus may penetrate the unbroken skin and produce 
infection in monkeys. Further reports from this commission are awaited 
with anticipation, 


CHAPTER УП E 


FILTERABLE VIRUS DISEASES OF ANIMALS 


APHTHJE EPIZOÜTICA:; FOOT-AND-MOUTH DISEASE 


Five APHTHEUSE, Cocorre (FRENCH); MAUL UND KIACENSEUCHE 
(GERMAN); FERRE AFTOSA (ITALIAN) 

Definition. —Aphthous fever, or foot-and-mouth disease, is an 
acute contagious disease of cloven-footed animals which із 
characterized by a vesicular eruption on the mucous membranes 
and skin. It is caused by an ultramicroscopic virus. 

History.—Foot-and-mouth disease was well known as early 
as 1764, During this early period it was thought to be caused 
by atmospheric and climatic conditions. There were those who 
suggested that it might even be caused by food poisoning. How- 
ever, it is said that Sagar in Norway at this time recognized 
the fact ihat the disease is contagious. In fact it is well re- 
cognized now as perhaps the most contagious disease known 
to affect animals. In former times the disease spread with 
great rapidity and in the course of two years it had spread 
over the whole of Europe. Great epizoótics of the disease have 
come and gone. The last big outbreak occurred in Europe 
іп 3887. This outbreak originated in Russia and soon invaded 
all of Europe and is still present. The disease was especially 
severe during the World War and great losses were suffered 
throughout Europe. In South Germany, for example, in 1920 
there were 23,369 infected townships and 181,067 premises were 
affected. In France during this period there were 6,192 in- 
fected townships and over 37,000 premises affected. At the 
same time England suffered the loss of nearly 4,000 cattle, over 
9,000 sheep, and 1,700 hogs from the ravages of this disease, 
Holland, Austria, and Hungary were also similarly affected. 
‘The disease has invaded the United States several times during 
the last half century. In 1914 and 1915 the disease was of 
very serfoys importance to the stock industry in America, but 
jt was soon brought under control. — , 
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Distribution,—Footand-mouth disease im its distribution is 
Practically world wide, It is present or has been present in 
North and South America, Europe, Asia, and Africa, 

The virus of foot-and-mouth disease—Prior to 1890 aphthous 
fever was thought to be caused by bacteria or protozoans, Уд. 
ribus bacteria) and protozoan forms had been described. In 
1897 Locfler and Frosch(1) proved that the virus of foot-and- 
mouth disease will pass through the pores of a Chamberland or 
Derkefeld filter. This observation was later confirmed by Hec- 
ker(2) and by Nocard(2) and since 1900 has been repeatedly 
confirmed by other investigators, The virus is present in the 
contents of the vesicles and during the,carly stages of the dis- 
базе сап be demonstrated in the blood stream. The milk 
may contain the virus before any vesicles appear and often 
remains infective during the entire febrile period of the disease. 
Other sceretions of the body, such as the saliva, tears, and na- 
sal discharge, may contain the virus ав a result of contamination 
with vesicular contents. The vesicular contents may include 
various bacteria, such as streptococci, staphylococci, and sarcina. 
These bacteria may be regarded as secondary invaders and of 
no etiological significance, although they may influence the 
course of the disease and later produce deep ulcers, mastitis, 
inflammation of the hoofs, and pyæmia, Frosch and Dahmen(é) 
recently reported the cultivation of the virus of foot-and-mouth 
disease by a method based primarily upon the concentration 
or sedimentation of the viros by centrifugation at 3,000 revo- 
slutions per minute for one-half to one and a half hours. The 
British Committee,(6) Abe,(6) Gins,(7) and Olitsky and Пов2(8) 
have all been unable to confirm the work of Frosch and Dah- 
men. Olitsky and Нова have shown that after two hours cen- 
trifugation bf the virus in active guinea-pig blood, aspirated 
lymph, or suspensions of ground infected pad tissue, at 2,500 
to 3,000 revolutions per minute, the topmost portion of the 
specimen was as active as the lowest layer, "These authors hint 
out that the inability to sediment the virus may indicate that 
the active agent is very minute, but not necessarily that it is 
of the nature of a contagium vivum fluidum, These apthors 
were able to infect guinea pigs and propagate the virus of 
foot-and-mouth disease through two hundred sixty-one ра 
sages in this animal. The virus is markedly epifheliotropi 
‘They state that over буо thousand animals proved о 
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to the virus, and cattle and hogs could again be infected with- 
out any difficulty with the virus propagated in guinea pigs. 
‘They observed no natural immunity in guinea pigs to the virus. 
‘Their virus, obtained originally from an infected cow, was active 
in dilutions Gf 1 : 10,000,000 and they concluded that “the rate 
and energy of action of the virus were proportiónal to its con- 
centration, thus differing from the behavior of certain enzymes.” 
They believe that the failure of deposition of the virus by cen- 
trifugation is related to the minute size of the infectious agent. 
They found at least two types of virus corresponding to Val- 
lo's types “О” and “А.” These do not cross-immunize. 

In a further report Olitsky and Boëz have demonstrated by 
catarphroresis experiments that the virus of foot-and-mouth dis- 
ease carries an clectro-positive charge. Its isoelectric range 
is at about Ру 8 This fact is exceedingly interesting and per- 
tinent to the study of filterable viruses for it indicates that the 
viruses of this group are different from ordinary bacteria in 
respect to their electric charge; it indicates the possible separ- 
ation of the virus from protein and suggests ап explanation of 
the high resistance of viruses of this nature to certain chemicals. 
These authors also succeeded in filtering the virus of foot-and- 
mouth disease through Chamberland, Berkefeld, and Seitz fil- 
ters as well as through collodion membranes and Bechhold's 
ullrafilter. Filtration through collodion membranes was re- 
garded as successful only when the thinnest membranes were 
employed and in general the method was not considered satis- 
factory. With the Bechhold filter Olitsky and Boéz determined 
the relative size of the virus of foot-and-mouth disease to range 
between 20 and 100 millimicrons in diameter. Thejé results 
conform closely to those of Zinsser and Fei-Fang Tang(?9) in 
later experiments showing an order of various substances as 
follows: Crystallized egg albumen; crystallized serum albumin; 
trypsin; collargol, casein; bacteriophage, Rows sarcoma, and 
hefpos virus; and arsenic trisulphide, 

In 1908 Terni(19) observed а protozoan (Cytorkyctes) that 
measured about 0,5 micron in the vesicular lymph and in the 
internal organs of over four hundred cattle affected with foot- 
and-mouth disease. "Later, in 1911-12, Slegel(11) demonstrated 
cocci (Cytorhyctescoceus) whose diameter measured 0.1 to 02 
micron in,the blood, vesicular lymph, сей plasma, and heast 
muscle of affected animals, Huntemiiiler(?2) described coccus- 

«ike globules in the visicular lymph and in the epithelial cells 
that he thought were the causative agents in the disease. How- 
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ever, it seems altogether likely that Huntemiller’s globules were 
іп reality fat droplets. Beteh(13) described in 1911 very small 
motile bodies, 0.25 to 0.1 micron, in the epithelial cells of the 
vesicles and later free in the lymph. Such bodies as these, how- 
ever, have been observed in normal tissue fluids under dark field 
and little significance ӛз attached to their presence. 

In spite of all the data that have accumulated purporting 
to identify the ctiological agent of foot-and-mouth disease with 
bacterial and protozoan forms that are visible under ordinary 
magnification, we must, in the light of modern investigation, 
conclude that the infective agent in this disease is uitramicro- 
scopic and filterable. à 

The virus об: foot-and-mouth disease is destroyed in about 
twenty-four hours, by drying at room temperature, Diluted 
virus hermetically seaicd in tubes will retain its virulence for 
three or four months. It is destroyed at 50: C. within twenty 
minutes. It resists 70° С. for nearly ten minutes, while 100° 
C. destroys it immediately. Jn milk the virus is destroyed dur- 
ing the process of souring. 

Infections result experimentally in cattle following the intra- 
venous administration of 0.005 cubic centimeter of fresh pure 
lymph. Artificial infection may also be effected by rubbing 
virulent lymph into the scarified skin, 

Incubation period in foot-and-mouth disease.—In artificial 
infections, depending upon the amount and virulence of lymph 
injected, there is an incubation period of one to six days. The 
frst lesions appear on the mucous membrane of the mouth, and 
within one or two days later lesions appear upon the feet. In 
the natural infection the incubation period ranges from two to 
seven days. 1 

Symptome?—Natural infection may occur directly when 
healthy animals come in contact with infected animals. Presu- 


, mably the virus enters the susceptible host by way of the mucgus 


membranes. Indirect transmission is far commoner, however, 
than direct spread of the disease, "The body excretions and 
secretions of affected animals contaminate stables, yards, cribs, 
food, drinking water, pastures, highways, and all places to which 
infected animals have access. Attendants may also transmit the 
disease from infected animals to healthy animals, А 
"Following intrayenous injection in cattle, the disease begins 
with a rise in temperature during the frs two days up to 40 or 
41° C. Аз soon as the vesicles begin іо appear the fever starts 
to descend and the disease runs its course without ayer. Along 
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al fever there is a rapid pulse and diminished ap- 


petite, 
While lesions in the mouth are commoner in cattle than 


in sheep, goats, and hogs, the buccal mucous membrane becomes 
sensitive and*the animal may cease іо eat entirely. The mv- 
cous membrane of the lips and gums is dry and Feddened. Sa- 
liva accumulates in great quantities and falls from the mouth 
when it is opened. Usually on the second or third day after 
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onset of Symptoms vesicles appear which at first contain a clear 
watery fluid that later becomes grayish white. After one оғ” 
two days the vesicles break and a painful flat erosion remains. 
‘These crosions soon become covered with new epithelium and 
the animal again begins to cat. In cattle vesicles also develop 
оп the muzzle, arid at the base of the horns,’ and in hogs upon 

«е snout, , Vesicles ‘nay in some cases also appear іп the 
nasal passages and upon the conjunctiva.’ In other cases the 
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» pharynx may also become involved and the affection may spread 
to the trachea and lungs. 

+ Тһе hoof infection usually develops at the same time or di- 
rectly following the eruption on the buccal mucous membranes. 
At first the animal shows signs of lameness and"the affection 

ў may be so severe that the animal refuses to walk at all and lies 
on the ground. Vesicles appear on the skin of the coronary 
band, the heel of the foot, and the interdigital space. These ves- 
icles usually burst before those in the mouth and become mixed 
with dirt and form crusts. New epithelium is gradually formed, 
and healing with scab formation takes place. In some cases 
the coronary band becomes separated from the horny border 
and a crack may remain between the newly formed horn and 
the old wall and healing may require several weeks. In cattle 
the vesicular lesions frequently appear upon the udders. These 
lesions may become serious and lead to painful swelling of the 

ж? udder and catarrh of the milk duct. 

Complications such as spread of the lesions to the trachea 

and lungs, formation of ulcers, septicemia, and pyemia as а 

result ef exogenous bacterial invasion, ctc, may occur, In 

+. goats and sheep the affection is usually mild, though severe out- 
breaks have occurred. In some cases the symptoms may be so 

mild that the affection remains unnoticed. In hogs the extrem- 

ities are chiefly affected and more rarely the mucous mem- 
branes, In cattle abortion frequently results. In young stock 

the losses from foot-and-mouth disease may be from 40 to 60 

Wer cent of the newly born or very young calves, This was 

true in the Hungarian epidemic in 1910. Malignant forms of 

2 the disease have been reported in which, without complications, 

™' the disease usgaily results in death of the cattle. Such forms of 
the disease were evidenced immediately following the World 

War. However, in general, the great majority of cases of foot- 

.andomouth disease run a favorable course. In uncomplicated 

fases the disease runs ils course in two to three weeks, While 

Some cases are left permanently affected with chronic distur- 

bances of the hoof, the majority recover completely. 

Animals susceptible to the virus of foot-gnd-mouth disease = 

Cattle, hogs, sheep, and goats are apparently susceptible to this 

ы virus in the order given. Other susceptible animals include 
bulfaloes, reindeer, camels, and exceptionally horses, dogs, and 
cats. Guines pigs and габра have been used for experimental 

, purposes. Mild infection with foot-and-mouth disease virus 
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may occur in man and is charecterized by а gastrointestinal 
catarrh, (Б . 

Immunity in foot-and-mouth disease—One attack of the dis- 
ease confers a definite immunity to second attacks. This im- 
munity is stid to last for about one year. Cases have been 
known to become reinfected within six to ten weeks and even 
after ten to twelve days. Calves from cows that have recovered 
from the disease at an advanced stage of pregnancy, according 
to Loeffler and Frosch, may be immune from both natural and 
artificiul infection. Feeding of milk from an immune cow does 
not produce any immunity. According to Mébius(!4) the virus 
may be transmitted frem mother to calf and the young calf may 
be born with the disease, 6 

While many methads of immunization have been advocated 
for the prevention of foot-and-mouth disease, it may be stated 
that at present there is no method satisfactory for general use. 

Pathology.— Autopsies reveal several characteristic changes as 
а result of the infection, such as the following: Vesicular ex- 
anthema, acute catarrhal swelling of the mucous membranes 
of the respiratory tract, minute hamorrhages on serqus mem- 
branes such as the visceral layer of the pericardium, in some 
cases ulcerations оп the mucous membranes of the respiratory 
tract and intestinal tract, edema of the valves of the heart, 
enlargement of the splecn, fluid їп the pericardial sac, and in 
cases of complication evidence of septicemia and pysmia may 
be noted. The changes in the heart muscle were first de- 
seribed by Johne(15) and consist in hyaline degeneration of th» 
muscle fibers, and in prolonged cases evidence of necrosis and 


of connective-tissue regeneration may be noted. These changes , 


have been thought tc represcnt а myxolytic process induced by 
specific foot-and-mouth disease toxin. Қ 

Control measures in foot-and-mouth discase.—NWhile the loss 
of milk and loss of working hours are the chief economic fac-, 
tors in this disesso, it has been pointed out that in certain 
epidemics the mortality of the disease may be exccedingly high. 
Prevention and control consists in isolation of infected animals 
and quarantine of new animals that are to be introduced into 
old herds. Calves ‘should be prevented from sucking their 
mothers and should receive milk that has been heated to 70° С. 
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HOG СПОБЕКА: SWINE FEVER 


TYPHOID FEVER; CHOLERA SUUM, PESTE DU PORC (FRENCH); SCHWEINEFEST 
(GERMAN); PESTE PORCINA (ITALIAN) 
Definition Нов “cholera is am acute septicemic disease of 
swine caused by а filterable virus and chardeterized by an acute 
febrile reaction with Inflammatory swelling of the conjunctiva, 
eczematous eruption of. the skin, followed by айак, 
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History.—In 1885 Salmon and Smith first described this diş- ' K 
ease as an affection of hogs in America. These authors dè |  , 
signated a short motile rod, Salmonella suipestifer, as the cause ` '^ 
of this disease and further differentiated this condition from { 
swine septicemia, or swine plague, which was recognized in Ger- 
many about the same time, However, the American authors 
demonstrated that the two affections often appeared at the same 
time in the same animal and attributed the severity of the disease 
in American hogs to the dual infection, This interpretation was 
concurred in by other investigators of the time, notably Moore 
and de Schweinitz in America and Бу Raccuglia and Affanasieff 
in Europe. However, the frequency of the dua! or mixed infec- 
tion caused certain investigators in America and in Europe to 
question the identity of the two diseases though no experimental 
proof was available at that time to substantiate their doubts. Џ 
Bacillus suipestifer had been found in the blood, the liver, and 
thc spleen; this organism was known to produce a toxin in cul- 
ture media; attenuated cultures had been used as vaccines and 
conferred а certain immunity, and inoculation of cultures pro- 
duced a disease with symptoms and lesions similar to the natural |. 
disease. Now it is known that the disease produced by arti- 
ficial inoculation is not contagious, while the natural disease is 
highly contagious. 

It was not until 1904 that de Schweinitz and Dorset(!) re- 
ported a disease occurring in the state of Iowa which clinically 
resembled hog cholera and found that this disease could be trans- 
mitted from diseased animais to healthy animals by filtered h 
bacteria-free blood, Later Dorset, Bolton, and McBryde(2) 
proved that this diserse was іп reality identical with hog chol- ` 1+ 
era and advanced the idea that Bacillus suipestiftr was merely қ 
am associated organism and produced lesions only secondarily 
in the already infected animal. This work was quickly con- 
firmed in America by Clintock, Boxmeyer, and Siffer(3) and’ 
in Europe by Hutyra(4) and Ostertag:(5) Theiler(6) in South +‘ 
Africa reported similar findings. Thus the etiology of hog 
cholera was established as due to a filterable virus and methods of ^ 
treatment and immunization were directed into new channels. 
According to Joest there is no longer any reason for distinguish- . 
ing between “hog cholera in the narrow sense" (pure hog cholera 
and mixed infection) and "hog cholera im а broader sense" 

(the two forms of "bacillary hog cholera"), Furthermore, àc- 
cording to Hutyra and Marek such distinction is not justifiable, ` . 
> p . 
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for the reason that the last-named disease is not hog cholera. 
(Parotyphoid in pigs.) 

Distribution 1t is said that hog cholera first appeared in the 
state of Ohio in 1883. From Ohio it spread opr the entire 
United States? It was first established, according to ail avail- 
able records, in England in 1862. In England in 1896 it caused 
а lose of 30 per cent of all hogs in the country. It is supposed 
to have spread from Engiand to Sweden in 1887. The same 
year it appeared in Denmark and in Amagar Island., About 
the same time the disease appeared in France, Spain, and Italy. 
There was a scrious outbreak of hog cholera in Germany in 
1892 and from there it is thought to have spread to Prussian Si- 
lesia, Austria, Hungary, Russia, and Roumania in 1895. 

It is estimated that in the United States this disease caused 
losses in 1873 of twenty million dollars; in 1882, thirteen mil- 
lions; in 1883 and 1885, twenty-five and thirty millions, re- 
spectively, while in 1888 the loss was estimated to have affected 
45,000,000 hogs of a vaiue of 200,000,000 dollars. In 1903 Sal- 
mon estimated the loss duc to this disease at 50,000,000 dollars, 
and Kinsley in 1914 estimated the loss at 100,000,000 dollars. 
In 1918 in the United States out of a total of 75,000,000 hogs, 
Mohler estimated that 2,815,900 became victims of hog cholera, 
"The disease is also known in Central and South Africa where it 
causes great losses. 

Incubation period.—The incubation period of hog cholera in 
artificial infections produced by breeding healthy with infected 
hogs is at least four days and usually thirteen to eighteen days. 
When the discase is produced by injecting virulent blood sub- 
cutaneously the incubation period із from eight to ten days, 
exceptionally. five days and in some cases as long as two to 
three weeks. 

‘Symptoms.—The first symptom is an elevation in temperature. 
Other symptoms may not appear for two or three days after 
the onset of fever. In the severe cases the temperature те- 
mains aimost at a constant level unti) death. Та less-severe 
cases it may drop and in favorable cases return to normal, 

Following the rise in temperature the first symptom noticed 
is the tack of appetite. An acute conjunctivitis with mucous or 
mucopurulent secretion is present early in the disease. Vomiting 
of the stomach contents stained with bile may appear very 
бану, There is at first constipation but diarrhea shortly sets in. 
The animal becomes weakened, and if improvement does not 
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> ensue the animal dies within four to seven days with septi- 
comia, 

The mixed form is less acute though inflammatory changes ap- 
bear on the buccal mucous membranes and may be observed by 
exploring the, buccal cavity. Hemorrhages frm the body 
cavities are not rare, and pneumonias are frequent complications 
which contribute to the high mortality of the disease. Where 
only the intestinal symptoms are manifested the prognosis in the 
disease is much better. 

Animals susceptible to hog ckolera.—Hogs of all bredds and 
of ali ages are susceptible to hog cholera. Higher-bred hogs 
and younger animals are more susceptille than others. In in- 
fected localities where the older animals have had the disease 
the disease is limited to the younger growing animals. Pigs of 
diseased sows if they become affected usually die. Usually pigs 
of immune sows resist artificial infection but may become in- 
fected on infected premises, After birth, particularly after 
weaning, young pigs lose their immunity and the immune bodies 
that are present in the milk vanish very rapidly. 

The virus—In the infected anima) the virus of hog cholera із 
present in the blood, bile, feces, urine, conjunctival secretions, 
and in all organs. The virus is filterabie through Berkefeld 
filters. 

АШ attempts to demonstrate the virus under the highest mag- 
nification or to cultivate it in artificial culture media have failed. 
Unlenhuth has described certain cellular inclosures in smears 
srepared from the conjunctiva. These inclosures represent very 
fine granules similar to the so-called trachoma bodies in man 
to which reference is made in Chapter I. Such inclusion bodies 
are considered by Prowazek and Halberstadter as parasites. 

Hutyra(?) states that the virus adheres to the red blood cells 
and is not separated from the red blood cells after repeated 

у »washings. In fact the virus has been found in the serum which 
has separated from the blood clots, and according to Meyer the 
virus is absorbed by the red blood celis of other species. Ruther 

‚ found a very smali spirochate, Vibrio suis, in the ulcers of the 
intestines and in lymph glands and ulcers which appearedupon 
the skin, Such organisms have also been demonstrated in the 
blood stream of infected hogs. Drake found similar spirochetes 
іш American hogs, and named them Spirochete hyoo and such 
spirochetes are said to pass through Barkefeld filters in the 
form of fine granules, Arnheim regards these spirochates only 
as saprophytes. Healy and Gott observed small «round and 
vale —u А ] 
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elongated bodies which, after staining by Giemsa’s method, + 
measured about 0.2 to 0.3 inch in size, These bodies were 
apparently inclosed in a gelatinous substance, but their signifi- 
cance is doubtful. 

Two bacterial forms have been associated with hog cholera. 
One is known as Bacillus svipestifer; the other, which is 
Known as Bacillus suisepticus, is identical with the organism of 
риге swine plague. 

Bacillus suipestifer (B. cholera suis) belongs to the paraty- 
phosus"H-group. И resembles the colon bacillus and occurs 
chiefly in pairs or singly, but in cultures it forms chains and 
filaments, It is motiletand possesses flagella arranged peritri- 
chaly. it is Gram negative and grows either aérobically or 
ana&robically at room temperature or at hody temperature. Оп 
agar bluish, flat, transparent, round colonies appear, and on 
gelatin the colonies arc quite similar. Gelatin is not liguified. 
Dextrose is fermented but lactose is not, thus differentiating it 
from B. coli. Mice, guinea pigs, and rabbits are highly suscep- 
tible to this organism, and pigcons are only slightly susceptibie. 
A disease characterized by inflammation and ulceration of the 
intestines and lymph glands as well as a hemorrhagic septicemia 
is produced in hogs when cultures of this organism are fed, 
injected subcutaneously, or injected intravenously, 

Immunity in hog cholora.—One attack of the disease confers а 
definite immunity, We have seen that young pigs possess im- 
munity following birth if the mother sow has passed through 
the disease. This immunity, however, is only temporary. — ' 

Practical immunization has been carried on in a number of 
ways. In Hungary immunization with blood serum from siaugh- . 
tered or recovered anfmals has been used, but the resulta were 
not very promising. Passive immunization with an immune se- 
rum prepared in hogs which had acquired an immunity from 
natural or artificial infection, by injecting virulent blood, has « 
siven fairly satisfactory results in that such a serum protects 
susceptible animals for about three wecks. Such a serum also 
appears to have some curative value especially during the ine , 
cubation period of the disease. Such injections may be given 
at later periods to prolong the immunity. 

The most effective method of immunization in hog cholera 
is known ал the simultancous method. According to this prat- 
tice susceptible animals are given subcutaneous injections of 
about 20 cubic centimeters of immune зегрт and at the same 
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time 1 to 2 cubic centimeters of virulent blood. Immunity con- 
ferred in this manner lasts about six months, though the method 
is not without danger in that some of the animals become symp- 
tomless carriers and are therefore a source of danger to suscep- 
tible animals.. It is thought that one reason for this is the 
varying virulence of the virus and the fact that there is no way 
at present of standardizing the immune serum, 

All attempts to prepare an efficient vaccine from the tissues 
of infected animais have failed. Likewise the preparation of a 
vaccine from virulent blood by special methods of treatment, 
such as heating, chemical treatment, ete, has resulted in a vac- 
cine of very doubtful value. 

Pathology їп hog cholera.—In pure hog cholera we are deal- 
ing with a hemorrhagic septicemia, The intestinal wall pre- 
sents numerous small red hemorrhages. Similar lesions аге 
found in the pleura and epicardium though they also appear 
elsewhere in the body. They are frequently found in the skin, 
and the lungs may present the same picture or various-sized 
hemorrhagic infarcts. Large haemorrhages may be found in the 
endocardium and more rarcly in the meninges. All lymph 
glands are swollen and their cut surfaces present numerous small 
hemorrhages, The bone marrow is dark blackish red and із 
very characteristic. 

In the mixed form of hog cholera there are definite changes 
that indicate secondary infection. The lymph follicles of the 
intestines contain hard caseous nodules, and decp ulceration із 
frequently present. In some cases the cascous nodules are also 
present in organs such as the liver, kidneys, spleen, lungs, udder, 
and bone marrow. Other changes, such as hemorrhages in the 
skin and organs, necrosis of the gall biadder, urinary bladder, 
and vagina, are not uncommon. 

Control measures in hog cholera.—Effective control measures 
that have been used in various countries include isolation. of 
infected animals, reporting of the discase, quarantine measures, 
slaughtering of affected animals and destruction of carcasses, 


+ and immunization. 


Hog cholera is definitely contagious and {he Bureau of Animal 
Industry in the United States has conducted control in this 
disease since 1914 with increasingly better results, In their con- 
trol measures vaccination is very important, and the Bureau 
controls the manufacture of biologic products for this disease 
according to government regulation. 
> 


ay d О у . 


212 The Philippine Journal of Science LE 


BIDLIOGRAPHY .. i 


1. Dm Scuwemrrz and Dorse, Bureau of Animal Industry 20 (1900 , 
Rop., 257. р 

2. Dorset, BOLTON, and MCBRYDE, Bureau of Animal Industry 21 (1904) 
Rep, 188. " P 

3. Сыхтоск, Вохмукв, and SirrtR, Journ. of Diseases 2 (1905) 351 4 

4. Нстүяа, В. t, W, (1906) 607. 

5. OSTERTAG, В. t. W. (1908) 623. 

6. Tiener, F, d. Vbyg. 4 (1906) 121. 

7. HUTYRA, Pathology and Therapeutics of the Diseases of Domestic Ani- 
mals, Hetyra and Marek, 24 Am. ed. by Mohler and Eichhorn i: [ 
2%. 

ВЕХРЕНРЕЗТ; CATTLE PLAGUE 1 


TYFHES воусм  CONTAGIOSUS, PESTE EOVINE; TYPHUS CONTACIEUX 
(FRENCH); ỌRIENTALISCHE RiNDERPEST (GERMAN); PESTE bOVILLA 
(ЕТАЗЛАХ) 

Definition. —Rinderpest, or cattle plague, is an acute, febrile, 
contagious, and infectious disease of cattle. It is characterized Fa | 
by fever, a fine pseudomembrane formation upon the mucous 
membrancs, increased salivation, and in most cases a nasal dis- 
charge and profuse bloody diarrhaa. . 

History.—Rinderpest has been known since earliest times and 
is thought to have originated in Asia, Its infectious nature was 
recognized as carly as 1744. In olden times it was considered 
identical with such diseases as smallpox, typhus fever, and 
dysentery in man. At one time it was thought to have a sponta- 
neous origin, and its etiology remained a mystery until 1902. 
when Nicolle and Adil-Bey(1) demonstrated that the causative + 
agent of this disease is filterablc through рогесідіп filters. Since 
that time it has been classified definitely with the füterable — 4 
virus diseases. . B 

Distribution.—Rinderpest has always been present in Asia. 2 
Tn 1711 the disease was prevalent throughout Europe and caused 
enormous losses of cattle, During the Napoleonie Wars it is * < 
said to have caused great losses in Germany and France. Dur- . 
ing the Franco-Prussian War the plague again extended over 
middle Europe, but since 1881 it has been completely suppressed, * 
Since that time it has occurred in Russia and Turkey, and during 
the World War the discase spread into Bulgaria and later into i 
Roumania though it was quickly eradicated. In 1920 the dis, | 
сазе was infroduced from Asia into Latvia ара on into Poland. "| 

| 
р 
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Tt is said stilt to exist iif northeastern Poland, though it has beef 


eradicated elsewhere. During the same yaar the disease was * 
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introduced irite,Belgium with Zebu cattle from India and ra- 
‘pidly spread throughout Belgium so that cighty-five townships 
were involved. It was completely eradicated within a short time. 
Since 1921 cattle plague has been prevaient in various parts of 
Asia and Africa and is the most important disease of cattle in 
the Philippine Islands at the present time. The disease does 
not exist in the United States, 

The virus of rinderpest —Rinderpest virus is развод from ani- 
mal to animal, chiefly through contaminated food and water. 
The virus is present in the blood stream of affected animals, in 
various tissues of the body such as brain, lymph glands, spleen, 
liver, heart, thymus, intestines, muscles, larynx, pharynx, and 
the base of the tongue, It is also present in the intestinal con- 
tents, cerebrospinal fluid, and peritoneal exudate. Berkefeld or 
Chamberland filtrates of the last three materials were demon- 
strated by Nocard(2) to be infectious. According to Косһ,(8) 
Kolle,(4) and Theiler(5) blood serum from infected blood does 
not contain the virus. Theiler and Baldrey(9) believe that the 
virus is closely adherent to the blood cells, while Nicolle and 
Adil-Bay believed the virus to be inclosed in the leucocytes, 

Nothing is known regarding the morphology of the virus of 
cattle plague, Braddon(7) thought that minute, punetiform, 
needle-shaped bodies within and adherent to the blood cells, as 
well as in the plasma, were the causative agents of this disease. 
These were considered by other investigators to be artifacts. 
Cultivation of the virus has not been successful, Boynton (8) 
‘states that the virus remains active in clotted blood longer than 
in defibrinated or citrated blood. In his experiments he has de- 
monstrated that the virus remains virulent for sixteen days in 
fertile hens’ eggs but not so long in помене eggs. Не further 
showed that virulent blood in open tubes at 40° С. becomes іпас- 
tive after three days, which indicates that anaérobic conditions 
are necessary. This author has also demonstrated that 0.000337 
cubic centimeter of infected whole blood is capable of transmit- 
ting the disease to suceptible animals while 0.00011 cubic centi- 
meter and 0.0002 cubic centimeter failed to transmit the disease. 

Ten cubic centimeters of blood from infected animals was белігі- 
fuged at 3,000 revolutions per minute for three hours and it 
was found thal the upper 7 cubic centimeters remained nonin- 
fective while the lower 3 cubic centimeters produced+the disease. 
Ja two hours time the’upper 7 cubic ceatimeters were also i 

fective. Certainly the possible effect of heat generated during 
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prolonged centrifugation such as Boynton hası used should be 
taken into consideration in evaluating experiments of this kind. | b 
The virus at the top of the tube may have been destroyed by 
heat. . 
The virus of cattle plague is extremely sensitive to environ- 
ment outside the body. Riflk-Bey (9) states that the "virus js cs- 
sentially fragile and incapable of development in external media.” 
Edington (10) has shown that the nasai mucus from spontancous 
cases was found to lose its virulence very quickly when exposed to 
the air longer than twenty-four hours. Stockman(11) states 
that the virulent material of cattle plague docs not remain active 
for more than a day or two outside the body.. According to 
Yersin (12) two days of desiccation are sufficient to destroy the 
virulence of the blood. In contrast to these observations Rue- 
diger (13) states that pastures which have been occupied by sick б 
animals may remain infected for months or even years. Ас- : 
cording to Boynton’s experiments the virus of cattle plague did 
not survive beyond twenty-four hours in corrals bare of vegeta- 
tion but containing water. This author made his tests during 
various scasons of the усаг and found no variations in this re- И 
spect. He found that susceplible animals placed in infected ` 
corrals became infected within haif an hour, twelve hours, and 
seventeen hours, Further, he demonstrated that urine from in- 
fected animals contains the virus and when sprinkled о, the 
grass remained infective for thirty-six hours. Faces diluted 
with water and sprinkled on the grass remained infective for, 
twenty-four hours, 
Direct sunlight destroys the virus of cattle plague within two 
hours, and putrefaction is said to destroy it within a very short 22 
time. Two per cent phenol, 1 ; 1000 corrosive sublimate, and 1 * 
per cent milk of lime are all efficient virucides for this agent. 
The virus is said to exist in the blood and secretions of animals 
for'about thirty days after recovery from the discase, but as 
long а period as one hundred forty days in which the virus 
romained in ihe lesions із on record. Some authors believe that 
the virus might be permanently eliminated by animal carriers. ^. 
Cattle, sheep, goats, and hogs may carry the virus and not be 
effected by the but this concept has not had definite р 
proof. Certainly the ease with which some epidemics of th. 
disease have been eradicated indicates that transmission of the . 
disease by carriers is Hot such an important factor. * сы 
Incubation period in rinderpest, —The time of incubation in — ^ 
cattle range from three to nine days. In some cases th? first 
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symptoms of the disease may occur as early аз twenty-four to 
thirty-six hours, while in exceptional cases the incubation period 
may extend from sixteen to twenty-four days. In 1867 the in- 
ternational veterinary congress met in Vienna and established 
the average intubation period at nine days. i 
Symptoms.—The first symptom to appear is a rise in tem. 
perature. The temperature may go as high ая 42° С. The ani- 
mal is depressed and stands apart from other animals with the 
head dropped and back arched. In some cases there is a short 
period of excitement which lasts for a few hours. The Appetite 
is diminished, but thirst may be markedly inercased. The urine 
is scanty and of a darker color, Milk Secretion is diminished. 
Respiration and pulse are accelerated, About the second day 
the mucous membranes become inflamed, the conjunctive аге 
red, lacrimation is increased, and the lips become swollen. There 
may be a brown fetid discharge from the nose, and the nasal 
mucous membrane is markedly inflamed and covered with mi- 
nute hemorrhages. The buccal mucous membrane is inflamed, 
and salivation is increased. On the surface of the membranes 
are noted grayish white nodules which at first are bard but 
later become soft, Larger patches then develop which may be 
wiped off. These have been called Gerlach's "caseous plaques.” 
Eventually erosions appear, and in some cases ulcers are formed. 
The process also involves the mucous membrane of the intestinal 
trast, and at first there is constipation followed in one or two 
days by a profuse diarrhea, Тһе stools are thin, watery, fetid, 
Sometimes bloody, and contain mucous shreds. There is a mu- 
copurulent discharge from the vagina of cows and heifers. Ac- 
cording to Dieckerhoff the respiratory symptoms begin with 
а dry, рат cough. Respiration is accelerated and there із 
marked vesicular breathing followed later by dry and moist 
таев. The heart later in the course of the disease becomes 
weakened. The fever reaches its height about the fifth or sixth 
day and then drops with the onset of the diarrhea to normal or 
below normal. In some cases skin lesions appear in the form 


+ of vesicles over the back of the neck and on the serotum. Preg- 


nant animals frequently abort during the course of the disease. 
In most cases the course of the disease runs from four to seven 
days. Death may result the second or third day or the disease 
may be prolonged’ for fourteen to sixteen days, Cohvalescence 
lusts from two to three weeks. D 

‘Aberrant forms of cattle plague occur. For instance, Rick- 
mann) in German South Africa states thats сме and 
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other animals may be infected to imperceptible degrees. Egger- 
precht(16) states that in China cattle may only have a rise in 
temperature to 40° С. for two days. Littlewood 06) in Egypt 
observed that cattle imported from Asia Minor may not show 
clinical symptoms of the disease and yet at autopsy reveal lesions. 
Baldrey (17) believes that the virus becomes attenuated by long 
residence in one place. There seems to be little evidence of this 
fact in the Philippines where the disease has been present for 
over thirty years. Baldrey has described a toxin produced in 
broth when infected blood was added to it, but Boynton states 
that there is no evidence of toxin formation. 

Animals susceptible «o the virus of rinderpest.—Cattle, cara- 
baos, goats, shecp, and hogs are ail affected by rinderpest. 
Camels are said to have been artificially infected. Certain 
breeds of cattle are more resistant than others. The mortality 
varies greatly with the breeds of cattle and with the species of 
animal affected, In range cattle it is less than 50 per cent, while 
in colored breeds it may be 75 per cent. In goats the mortality 
is low. Usually only an elevation of temperature and in some 
cases a diarrhea is noted. This was noted by Kolle and Tur- 
ner(18) and by Торасіо(19) and corresponds to the author's ob- 
servations in the Philippines. (20) 

Immunity.—Recovery from an attack of cattle plague usually 
results in a long-lasting immunity, in some cases for the life of 
the animal. Artificial immunization may be carried out Еу at 
least two methods with a high degree of success. A number of 
methods of immunization against rinderpest have been ad: 
vanced; such аз, immunizing with secretions of affected ani- 
mals, with bile of affected animals, with blood serum alone, the 
simultaneous method’ (immune serum and virus), etc., but the 
most dependable methods are those of Boynton and of Kel- 
ser.(21) Boynton belicves that the immune-serum method is 
tog expensive and inefficient since the immunity so produced + 
lasts for only ten to twenty-one days. Boynton’s vaccine has 
been used in the Philippines with good success for several years 
and consists of ground infected tissues (lymph glands, spleen, 
liver, heart, kidneys, and testicles) treated with glycerin and 
phenol as follows: Tissue, 900 grams; glycerin, 300 cubic cen- 
timeters; and phenol, 6 eubic centimeters. "The vaccine is stored 
in amber battles, heated in a water bath at 42° С. for three hour 
and then stored in the ice box for three to six months before 
using. Healthy animals receive two or three injections and are 


found to hi е developed an immunity which lasts from one to 
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two years. This method is equally effective for Herefords, Jer- 
зеуз, Guernseys, Holsteins, mixed breeds, and сатађаов. 

Recently Kelser and the Bureau of Agriculture of the Philip- 
pines, working in collaboration, published a method of preparing 
а vaccine for zinderpest which consists of ground ?nfected tissue 
diluted with an equal part of physiological saline. Chloroform 
is added and thoroughly mixed with the vaccine just before 
storing in the ice box, and it is found that this vaccine may be 
used within a few hours after preparation while the Boynton 
vaccine must be “ripened” for long periods of time before use 
and further will keep for only a short time. In most of Kelser's 
experiments this vaccine was used within twenty-four hours 
after preparation. Vaccine prepared according to the method of 
Kelser has been demonstrated to retain its potency for a period 
of at least one year. Thus this represents a decided advantage 
over the Boynton method. The Kelser method is somewhat sim- 
ilar {о а method which has bcen employed in Japan in recent 
years by Kakisaki and his associates,(22) For the destruction 
of the rinderpest virus in their vaccine, these investigators em- 
ploy toluol and glycerin, and, further, subject the vaccine to the 
action of incubator temperature, 37.5° C., for seven to ten days, 
Toluol results in а very viscid vaccine which offers difficulty in 
administration, and, further, it is absorbed very slowly. 

Rogier(23) has prepared a vaccine consisting of ground lymph 
зул, tonsils, and spleen. The tissue is then treated as in the 
ynethod described by Kelser. Іп Rodier's opinion a vaccine pre- 
pared from these tissues is much more potent than vaccine 
prepared from other tissues and preliminary experiments have 
demonstrated that one injection of 15 cpbic centimeters (7.5 
grams) willeprotect carabaos against rinderpest. 

"То summarize the present status of the immunization of sus- 
ceptible animals against rinderpest with tissue vaccine Kelser (24) 
states: М 

A chloroform-treated vaccine, consisting of a suspension of finely ground 
tissues (lymph glands, tonsils, spleen, liver) from animals killed in the 
acute stages of rinderpest highly efficacious. Such vaccine can used 
shortly after preparation, offers no technical dificulty in administration, 
and possesses excellent keeping qualities. 

Cattle and сатађаоз arc solidly immunized against the disease when 
gfven three, weekly injections of such vaccine in amounts of 15 to 20 
cubic centimeters. For thy immunization of cattle, experimental evidence 
ifdicates that in practice the number of injeflions of this vaccine ean 
actually be reduecd tosone with satisfactory results. However, for the 
immunization of carabaos, if a single dose of vaccine is û be employed 
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t is desirable, in the preparation of vaccine for such animals, to use 
only the tissues of very highest potency (lymph glands, tonsils, spleen), 
leaving out the less potent liver tissue. This is necessary beenuse of 
the extreme susceptibility of carabaos to rinderpest. Where such pro- 
cedure is follorred it is entirely possible to satisfactorily immunize ca- 
rabaos with а single injection of vaccine, A number offexperimeatal and 
field tests along this line by Rodier have fully established this point. 

Pathology.—At autopsy animals dead of cattle plague show 
the most important changes in the mucous membranes, especially 
those af the gastrointestinal tract. The mucous membranes are 
dark red and covered with smali hemorrhages and in some parts 
with a pseudodiphtherific membrane. In the intestines the folli- 
cles are swollen and contain caseous material Peyer's patches 
are quite similar. The inflammation is especially evident in the 
fourth stomach, in the region of the ileoezcal valve, and the 
rectum. A marked stomatitis may be present together with 
erosions and in some cases ulceration of the mucous membranes 
of the mouth. The large intestines may show only an acute 
catarrh. Тһе liver shows parenchymatous or fatty degeneration, 
and the gall bladder is distended. The spleen may be swatlen 
and show little change other than this. The kidneys show 
cloudy swelling and fatty degeneration. The lungs are hypera- 
mie and may show evidences of a catarrhal pneumonia. The 
bronchi may be filled with а pale yellow exudate, Tie heart 
is flabby and shows hemorrhages under the endocardiviy and 
epicardium. The lymph glands are swollen and the brain shows 
moderate hyperamia and adema in the white substance. In 
severe cases hemorrhages have been noted in the marrow of the 
long bones. 

Control measures ің vinderpest.-— Quarantine against countries 
where rinderpest is prevalent, and isolation of affucted animals 
are indicated in controlling this disease. Prophylactic vaecina- 
tion is indicated in countries where the disease is present, The 
suvest method of eradication is to slaughter ail affected animals ‘ 
where this procedure is possible, 
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VESICULAR STOMATITIS OF HORSES ` 
Definition.—Vesicular stomatitis is an acute, febrile, infec- 
tious disease of solipeds that is characterized by a vesicular 
eruption on the tonguc, mucous membranes of the check and lips, 
and sometimes on the skin surrounding orifices. 
History.—Vesicular stomatitis was first observed in 1884 in 
South Africa as an affection of horses, Early descriptions of 
the disease were ‘reported by Hutchen and by Theiler. The 
dfsease did not appear in the United States until 1916 when 
cases where discovertd among the army horses and mules about 
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to be shipped to Europe. It is thought that, the shipment of + 

horses and mules to Europe during the World War was тезроћ- 

sible for the introduction of the disease into France, England, 

and Ital 
The virus of vesicular stomatitis, —The virus ef vesicular sto- 

matitis ig present in the vesicles and in the saliva of affected ani 

mals, With this material the disease may be easily transmitted 

to susceptible animals. It is thought that the infection usually 

is transmitted by feeding from common troughs and enters 

the susceptible host through cuts and abrasions of the jips and 

buccal mucous membranes, In France cattle also became in- 

fected, and in some cases the lesions of the disease resembled 

remarkably the lesions of foot-and-mouth disease. In the United 

States the disease also spread 10 cattle though it did not infect 

swine. The marked similarity of the lesions of vesicular stoma- 

titis and foot-and-mouth disease suggested that both diseases 

might be of a common origin and in fact might be one and the 

same disease. However, the disease as it appeared in cattle 

did not involve the hoofs or the udders. Mohler(@) in 1918 

and Cotton(?? in 1926 reported that the virus of vesicular stoma- Я 

titis is not fiterable through filters that retain В. prodigiosus. ' 

It is, of course, well established that the virus of foot-and-mouth 

disease is fillerable, and the difference in the filterability of these 

two viruses appeared to be а point which could be well ед for 

differentiating these two diseases one from the other. Howgver, 

Olitsky, Traum, and Ѕсһоспіп (2) have oniy recently shown 

that the virus of vesicular stomatitis is filterable through Berke- 

feld V and N candies, through Seitz asbestos disks, and through 

Chamberland bougies L3 and L7. Cottun(4) in a report pub- (22. 

lished about the same time reports that the virus of vesicular — + 

stomatitis, according to his experiments, is filterable through V, 

N, and W grades of Berkefeld, bacteria-retaining filters, These B 

two reports based upon experimental infection in guinea pigs, * 

appear to establish the filterability of this virus beyond doubt. — « 

Further, Olitsky, Traum, and Schoening have shown that in 

guinea pigs cross-immunity tests with the virus of vesicular’ 

stomatitis and the virus of foot-and-mouth disease are negative. 

The same results were obtained in cattle. Swine are also said to 

be susceptible to the virus, and no cross immunity can be demon- 1 

strated in'this animal between vesicular stomatitis and foot-and- 

mouth disease, Thes& authors also showed that while the horse ` 

is highly sensitive to the virus of vesicular stomatitis when 
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* inoculations afe.made upon the tongue, this animal is resist- 
aht to foot-and-mouth disease when inoculated on the tongue, 
mucous membranes of the lips, or intramuscularly. They re- 
gard the horse as the best test animal for differgntiating be- 
tween the two diseases. 

Incubation period of vesicuar stomatitis.—in experimental ve- 
sicular stomatitis in horses the incubation period is very short, 
ranging from thirty-six to seventy-two hours. Swine show 
a marked rise in temperature twenty-four to forty-eight, hours 
after the injection of the virus, In cattle the incubation period 
in experimental infections is about fortyzcight hours. ‘Typical 
lesions are produced in the scarified hind pads of guinea pigs 
within thirty to forty hours following inoculation. 

Symptoms of vesicular stomatitis in korees—The first symp- 
tom of the disease to appear is a rise in temperature. This 
is followed by the early appearance of pea-sized vesicles on 
the tongue and in some cases upon the mucous membranes of 
the mouth and on the lips. The vesicles quickly rupture and 
leave a denuded area, Practically the entire surface of the 
tongue шау be denuded of its epithelium. The tongue is bine 
(blauw tong) and may be covered with frothy saliva, For a 
short time the animal is unable to eat, but the lesions rapidly 
heal and/recovery follows within three or four days. The out- 
come of the disease is practically always favorable. The author 
has еп unable to find any cases of fatality on record. 

Animals susceptible to the virus of vesicular stomatitis — 
Horses are chiefly affected by this disease, but cattle may also 
„ђе infected naturally, Experimentally swine and guinea pigs 


= 2 тау also be infected. According to Valléc-and Carré(5) trans- 
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mission to shéep does not take place. 
Immunity in vesicular stomatitis.—One attack of the disease 
„ produces an immunity to subsequent infections. Since the dis- 
‘ease is so mild it has been recommended that animals be arti- 


ficially inoculated in order to prevent its spread and to save 
working time 
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INFECTIOUS PUSTULAR STOMATITIS ОР, HORSES 


Dofinition.—Infectious pustular stomatitis is а benign acute 
contagious disease of horses. It is characterized by a pustular 
eruption мраз the mucous membrane of the mouth which in 
some cases develops into ulcers, 

History.—In 1878 infectious pustular stomatitis was first de- 
scribed under this name by Eggeling and Ellenberger.() Prior 
to that date the disease had been confused with foot-and-mouth 
disease, with coital exanthema, and with horsepox. Based upon 
the work of the above authors this disease to-day is recognized 
as a disease entity, although workers in England and France 
are still prone to consider the disease а form of horsepox. The 
experimental work of Eggeling and Ellenberger, however, has 
been confirmed by Freidberger.(2) 

The virus of infections pustular stometitis—The virus of 
infectious stomatitis is present in the early nodules and resulting 
pustular lesions and also in the secretions of the mucous mem- 
brane and in the saliva of infected animals. It is filterable. 
The discase can be transmitted by rubbing infected saliva upon 
the scarified skin or mucous membrano of suceptible animals. 

"The fact that by some investigators this disease is still thought 
to be a form of horsepox has been mentioned above. There is 
some experimental evidence to support this concept. Tor ex- 
ample cowpox virus when inoculated on to the skin of логе, 
according {о De Jong, will produce lesions similar to о of 
infectious pustular stomatitis, though a horse which has pre- 
viously had infectious pustular stomatitis will not react to the 
vaccine virus, thus indicating an immunity, The stomatitis 
virus also produces lusions similar to cowpox in calves, rabbits, 
and cattle. Guarnieri bodies were demonstrated Љу the above 
author upon the cornea of rabbits infected with the virus of 
stomatitis, Further De Jong vaccinated nine children with, 
material derived from a horse affected with stomatitis, and in 
eight of the children typical vaccinia developed in from five 
to seven days while in the ninth child, who had been previously 
vaccinated, the virus did not take. 

From these experiments we may conclude that there is a 
possible relationship between the viruses of stomatitis and cow- 
pox, but for the time being, since opinion of investigators із 
divided regarding the matter, we are nct justified in considering 
stomatitis and cowpox or horsepox one апа the same disease. 


0 
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» In natural inféctjon the disease does not spread to other species 

9f animals, such as domestic cattle. 

Incubation period in infectious pustular stomatitis-—In nat- 
ural infections the period of incubation in infectjous pustular 
stomatitis is about cight days, In artificial infections it is 

n Somewhat shorter, ranging from three to five days. 

Symptoms.—The disease begins with a moderate rise in tem- 
perature of one or two degrees, Evidently the mucous mem- 
brane of the mouth is sensitive, for the animals feed much more 
slowly and are apparently relieved when the snout is in water. 

Salivation begins early, and saliva may be peen dropping from the 

corners of the mouth. On the mucous membranes of the mouth 

there first appear small red spots which later develop into no- 
dules, in turn changing into vesicles and pustules, the entire 
process requiring about six days. The pustules may later turn. 
into ulcers which extend down to the submucosa. Тһе lesions 
of the disease may also involve the nasal mucous membrane and 
the eyes (Tannenberger(3)) or may occur upon the skin (Diec- 
kerhoff(i)). If the skin is involved, the hair may fall out. If 

" the eruption is generalized over the body, greater or lesser de- 

Brees of emaciation may result. The ulcerations heal gradually 
with the formation of fine scar tissue, 

The gyease usually runs its course within ten to fourteen days 
but my extend for three ог four weeks. As a rule animals 
тесе from the disease, though occasionally death follows as а 
rpfult of secondary infection, Vesicular stomatitis may some- 
what resemble pustular stomatitis in its vesicular stage, but 
in the former disease no nodules are formed preceding the ap- 

+ Jp pearance of vesicles. . 

EO Animals susceptible to the virus of infectious pustular stoma- 
titis —The disease is primarily a disease of horses, but accord- 
ing to Eggeling and Ellenberger the disease may aiso be trang- 
“mitted to cattle, sheep, hogs, and chickens. Schultz(9) states 
that man may also become infected. 

, Immunity. —Younger animals are more susceptible to the dis- 

> “ease than older animals. Since the disease is self-limited and 
epidemics do not spread for any considerable distances, it is 

, believed that the virus becomes attenuated during its passage 
frbm one animal tn another. Опе attack of the diserse confers 

immunity to subsequent^uttacks of the disease for indefinite pe- 

е? riods of time. InocuJation of healthy animals with the stoma- 
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titis virus is practiced successfully in preventing the spread ot “ 
the disease end shortening its duration. 

Control measures.—tsolation and quarantine of infected ani- 
mais and exposed cases together with artificial inoculation of 
the virus into healthy animals are the measurer indicated for 
the control of this disease. 
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EPHEMERAL FEVER OF HORSES ~ 
THREG-DAY SICKNESS; STIFF SICKNESS x 

Definition.—Ephemeral fever is ап acute, febrile infection of 
horses which closely resembles African horse sickness but is 
distinguished from that disease by its short incubation period 
and short duration of four or five days. It is characterized by 
a rapid rise and fall in temperature that lasts only а few days 
associated with weakness and slight congestion’ of the con- 
junctiva. 

History.—Ephemeral fever was described in South Africa by 
Schweinfurth in 1867 in cattle, in 1906 by Edmonds, and in 1910 
by Theiler(1) in horses. 

Distribution.—This disease occurs in South Africa in areas 
in which African horse sickness occurs and has been described 
in Rhodesia, Natal, and in the Cape colonies. 

Incubation period.—The incubation period in ephemeral fever 
is two to three да; 7 

Symptoms.—After “һе two to three days’ incubation perind 
there is а sudden rise in temperature, conjunctivitis, frequent 
respiration, loss of appetite, weakness, weak pulse, distinct ve- 
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nous pulse, and vonstipation. After four or five days the tem- 
perature falls suddenly. The outcome of the disease is usually 
favorable, but death results in about 3 per cent of casee, usually 
caused by а terminal pneumonia. > 

Tho virus о} ephemeral fever.—The virus is unknown. It 
may be transmitted to healthy animals by injecting the blood of 
infected cattle. It may also be transmitted to healthy animals 
by injecting them either subcutaneously or intravenously with 
preserved or filtered blood or serum, Jt falls within the group 
of filterable viruses. 

Immunity,—A single subcutaneous injcetion of virulent blood 
wilt produce a lasting immunity against subsequent attacks of 
the disease but will not protect against African horse sickness. 
In some cases, however, there has been evidence that the immun- 
ity so produced is transient, since the animals again reacted to 
А the virus when injected а second time with the virus at а later 

date. 

This disease has been confused with three-day fever, or stiff 
Sickness, and the relationship is not exactly known. In throe- 
+ day fever a temporary immunity only is produced by virtue of 
having the disease, and із said to last only about six weeks, 
Three-day fever in cattle resembles three-day fever, pappataci 
fever, тап, ond is also quite similar to dengue fever in man, 
The yZssibility of mosquito transmission has been considered, 
butAhere is no evidence that the disease із transmitted by this 
vé&or. While Theiler described ephemeral fever as occurring 
in horses, the three-day fever, or stiff sickness, also is found in 
» . cattle. For the present it is best to consider these diseases 
> „#7 together, although future investigations maf bring out new facts 

404 by which they’ may be differentiated, 


Reference 1. Fuerer, V. 7. (1910) 587. 
Ы EQUINE INFLUENZA; INFLUENZA CATARRHALIS ۴ 


INFLUENZA ERYSIPELATOSA, Leuma, PINK EYE, TYPHOID FEVER; PrERDES- 
БТАОРЕ (Greman); Gripen, FIEVRE TYPHOIDE, PASTEURELLOSE DU 

® CHEVAL (Fresca) 
Definition.—Equine influenza is an acute, febrile, contagious 
disease of horses which is characterized by catarrhal inflamma- 


у tion of the mucous, membranes, inflammatory swellings of the 
subeutis, and inflammation of the tendons, At times this dis- 
= сабо із spoken of as "shipping fever,” but contagious pneu- 
* monia and strangles åre also included by this term. 
Е qas . 2 . В 
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History—Equine influenza has been studied since early in 
the Jast century. Until quite recently its nature was not clearly , 
understood, Ht was known to be frequently complicated by 
pleuropneumrnia, and the disease was not recognized as an entity, 
‘As a result the history of the disease is obscuré in as much a3 
carly reports on the disease are very confusing, and the par- 
ticular disease described is not characteristic of uncomplicated 
influenza in horses as it is known to-day. 

Distribution, —The disease may be said to be general in its 
distribution, since it has been reported far and wide in various 
parts of the world. ЛЕ may occur sporadically or in epidemic 
form and in the latter case spreads rapidly through its suscep- 
tible host over wide areas, 

Incubation period.—The average incubation period in equine 
influenza is from four to six days. In experimental infections 
it varies from forty hours to ten days and may even extend to 
two weeks. When the discase follows coitus it develops within 
six to nine days. 

Symploms—The discase begins with a rise іп temperature 
associated with rapid pulse and respiration. The ahima) be- 
comes depressed, is easily fatigued, and loses ils appetite; it 
moves with a sluggish gait and frequently staggers. It prefers 
to stand still with the eyes half closed and the ears'vrooping. 
‘The temperature mounts to 41° С. or higher. The con}rnctiva 
becomes reddened, and the eyelids swell. There is pho\sho- 
bia and increased lacrimation, and iritis may develop. B 

As the catarrhal condition of the respiratory passages devel- 
ops there is а dry, painfel cough. Маза) catarrh may become 


marked and the salivary glands enlarged. The tongue із dry. > 


and coated. A gastric catarrh frequently develops, and the carly 
constipation is usually followed by diarrhea. The urine is 
scanty and dark yellow, often containing albumin and bile pig- 
monts. Tn females the catarrhal condition may also involve the 
vagina from which there is a mucopurulent discharge. In 
some epidemics «edema of the subcutis is a prominent symptom 
and,in such cases there is usually an inflammation of the ten 
dons. In severe fórms of the disease the nervous system шау 
become involved. Such cases are characterized by deafness, pa- 
ralysis and chorealike movements, and after death, hemorrhazes 
are found in the meninges of the spinal cord. 

Тһе disease may be complicated by pneumonia, and the it 
usually terminates in death. In such a базе the heart and kid- 
neys are markedly impaired. Uncompticated equine ‘nfluenza 
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> t, | usually runs its course within a week and the majority of the 

` affected animals recover. 

Animals susceptible to the virus of equine influenza —The dis- 
ease is limited to solipeds, It is not influenced by the age or 
sex of the animal, 

р The virus of equine infiuenza—In 1882 Dieckerhoff(1) trans- 

mitted the disease to healthy animals by subcutaneous and intra- 

venous injection of fresh blood from infected animals. About 
the same time Poels suecceded in infecting healthy animals with 
fresh and filtered semen from a stallion that had infected mares 
during the act of coitus, He also showed that filtered blood 
from infected horses was capable of inducing the disease in 
healthy animals, In 1911 Bagset(2) infected healthy animals 
with filtered blood and with blood serum that had been kept 
in the ice box for four months. Gaffky(2) during the next year 
established the incubation period for the disease in artificially 
infected animals. Following subcutaneous injection of 5 cubic 
centimeters of infected defibrinated blood the disease developed 
within five to six days. Intravenous injection induced the dis- 
ease within four days. Inoculation with filtered blood serum 
also gave positive results. Basset found the blood of a horse 
that had recovered from the disease virulent after three months. 

In te natural infection the direct transmission of the disease 
fron/horse to horse seems to be the most frequent method of 
stead of the disease. Stable-fly transmission and inhalation in- 
fection have been advanced as possible methods of spread, but 

“there is little evidence to substantiate these theories. Since the 

virus is present in the blood stream of infected animals and in 

sceretions such as semen, it seems more likely that the dis- 

, ease may spread by contamination of drinking water and food as 

\ well as by direct contact. It appears quite likely that healthy 

А animals may act as carriers for the virus, especially animals 
ts 7 *+' that have recovered from the disease. 

227 Immunity in equine infitenza.—One attack of the disease con- 
fers a longJasting immunity. Basset was unable to reinfect 
recovered animals with virulent blood. Rarely, however, second 
attacks do occur. This is interesting to note, since in former 
times this disease was associated with pleuropneumonia and 
both were thought to be one and the same disease. An animal 
recovered from influenza, while immune to second attacks of 

"this disease, is still susceptible to pleuropneumonia and vice 

"versa. The two diseases are not related except as one may 

Г > complicate the other, 


D 
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No vaccine or antiserum prepared for the prevention of this 
disease has offered much encouragement. While numerous pro- 
ducts have been placed on the market and used extensively, none 
of them has in any way proved of value for the prevention and 
control of equiné influenza. © 

Pathology.—The anatomical changes as a result of equine in- 
fluenza consist chiefly in reddening, swelling, and sometimes infil- 
tration of the mucous membranes, parenchymatous degeneration 
and swelling of the kidneys, liver, and heart muscle, and mod- 
crate swelling of the spleen and lymph glands. Тһе intestinal 
mucosa shows а catarrh, and there may be ulcers and erosions, 
Тһе lungs show an acute edema, hypermmia, and in complicated 
cases a marked pneumonia. The tendons may be inflamed and 
the surrounding tissue markedly infiltrated with a clear serous 
fluid. 

Control measures in equine influenza. —lIsolation may be prac- 
ticed as a preventive measure, but usually it seems more prac- 
tical to infect artificially the entire stable and let the disease 
run its course. This method has the danger of transmitting 
infectious anemia from animal to animal with the blood.’ 
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INFECTIOUS ANJEMIA OF HORSES 


БУАМР FEVER OP HORSES; MALARIAL FEYER Or HORSES; Riven-sorrom 
DISEASE 


Definition Infections anemia of horses is an acute infectious 
disease nf horses caused by а filterable virus. 14 із characterized 
by a septicemia, a graduaj destruction of red blood cells, weak- 
ness, and fever. 

History. Infectious anemia of horses hag been recognized 
as а disease entity since the middle of he last century, The 
infectious nature of this disease was indicated by Zschokke(1) 
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„їп 1883, although the cases described by this author were spoken 


of as pernicious anemia at that time. Later а similar discase, 
now thought to have been the same disease, was described in 
1886 by Fréhner(2) and in 1890 in Germany,by Ostertag. (3) 
However, it was not until 1906 that Carré and Vailée(4) demon- 
strated the tree nature of the disease by experimental work 
which was later amply confirmed by various investigators. 
(Hempel,(5) Ostertag, Van Es, Harris and Schalk,(6) Frobner, 
and Abderhalden and his associates. (7) ) › 

Distribution. Infectious anwemia of horses has been described 
in France, Germany, Hungary, Swojen, Switzerland, Austria, 
Russia, Japan, North America, South Afriea, Australia, and 
the Indies, Its distribution may be said to be quite general in 
all parts of the world. 

The virus of infectious anzmia of horses.—According to the 
investigations of Carré and Vallée the infectious agent of this 
disease is filterable through the pores of both Chamberland and 
Rerkefeld filters. Up to the present time ali cultural methods 
which have been tried have failed. The virus is present in the 
blood Stream of infected animals, in serum, and in washed red 
blood cells, in organs such as the spleen, liver, kidneys, spinal 
cord, lymph glands, lungs, salivary glands, and in such tissues 
as muze and bone marrow. The virus is also found in the milk, 
intesánal contents, urine, and tears. According to Ostertag the 
a is not infectious. Japanese scientists have described а 
sPirochete, Spirochæta equi-infectiosa, as the etiological agent 
in this disease, but other investigators have been unable to con- 
firm this work, Intracellular bodies have been described as oc- 
curring in liver cells and within mononuclear cells which resem- 
bie parasites, but their nature has not been determined, 

‘The virus is very sensitive to heat, being destroyed in from 
forty to fifty minutes at 60° С. Low temperatures have little 


' effect upon it. It is destroyed by sunlight. The virus remains 


viable for about three months in blood and urine. By subcuta- 
neous injections of 0.01 cubic centimeter of virulent blood into 
susceptible animals the disease is produced, though large amounts 
of virus by mouth are necessary to produve symptoms. 
Incubation period in infectious anemia. of horses.—In artifi- 
nial infection the incubation period ranges from fiye to thirty 
days, Іп some cases the period of incubation is only one or two 
"days, while in exceptional cases it may last for weeks. The usual 
average given is seventeen days. In the natural infection the 
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incubation period ranges from eighteen to twent 3 
The longest period of incubation noted for this disease was fifty- 
seven days. 

Symptoma.—At the beginning of the disease there is marked 
weakness and depression of the animal. The weakness is cs- 
pecially noted in the hind legs, The animal may stagger, trip 
and fall down, and rise with great difficulty. There is a gra- 
dual rise in temperature which may go as high as 427 С, Usual- 
ly it is somewhat lower than this, and the fever may be of an 
intermittent character. Puise and respiration arc also increased 
following the temperature curve. The mucous membranes of 
the eyes, nose, mouth, and vagina appear pale and yellow, and 
may present minute hemorrhagic arcas. In some cases a diar- 
rhea develops that may be tinged with blood. Urination is fre- 
quent, and the urine is found to contain albumin. The spleen 
is enlarged and may be palpated rectally. The appetite is usual- 
ly diminished, in some cases it may be completely lost, and there 
results a rapid emaciation of the animal. In the course of two 
weeks the blood contains a markedly diminished number of red 
blood cells. This may reach less than one-half the normal num- 
ber of red corpuscles. In proportion to the duration of the dis- 
case lymphocytosis develops which may reach 40 to 70 per cent. 
Howell-Jolly bodies are found in the red blood cells., While 
Poikilocytosis is not seen, anisocystosis is frequently observ and 
occasional basophilic granulation may also be present. In Most 
cases the color index is not increased to any great extent. Thy 
blood picture in general contains nothing typical of the disease 
that will serve to differentiate it from other forms of anemia. 
As the disease progresses tho weakness becomes more apparent, 
and paralysis of the hind legs gradually comes on, Pregnant 
animals usually abort. The acute form of the discase lasts from 
five to fifteen days in younger animals and in older animals may 
last for three or four weeks, 

Subacute, chronic, and latent forms of the disease have been 
described, but all are subject to acute relapse and the animal 
may діс suddenly as a result. The acute cases usually dic, while 
the other forms of the disease may be prolonged for long periods 
with intervais of apparent returning good health, but in most. 
cases this is followed by relapse. While complete cures are 
very rare, the mortality is usually given as raging from 30 to 
70 per cent. ty % E 
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Immunity.—Little, if any, natural immunity exists for this 
disease атак the Equidm, Horses, mules, and donkeys are all 
susceptible to the virus of infections anemia, There is some 
evidence that some brecds apparently possess more resistance 
than others, but beyond this there is no indication of natural 
immunity. There is no reason to suppose that one attack of the 
disease will protect animals against future attacks, Any im- 
munity gained in this manner is of a short duration as indicated 
by the relapses so frequently occurring in chronic forms of the 
disease that endure for months. No suitable method of pro- 
ducing artificial immunity has been placed on a satisfactory ba- 
sis. Virus suspended in serums fron? nonsusceptible animals 
is apparently markedly weakened so that no immunity is pro- 
duced when such preparations are injected into а susceptible ani- 
mal; or an animai becomes infected following such injections 
and remains a potential agent for the spread of the disease to 
other animals. 

Control of infectious anemia of horses.—Isolation of the in- 
fected animal, slaughter, and proper disposal of the carcass is 
indicated. Quarantine of healthy animals introduced into new 
areas is advisable. While there seems to be sufficient evidence 
that the disease is spread directly from one animal to another, 
the control of fies and other blood-sucking insects as possible 
vector has been emphasized as a contributing control measure. 
Due Д0 the markedly infectious nature of this disease great care 
«ам be exercised in eliminating animals infected with this 

frus for use as serum producers for other diseases, 
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. CHAPTER VIII M 
FILTERABLE VIRUS DISEASES ОҒ ANIMALS 
(CONTINUED) 


MYXOMATOSIS OF RABBITS 


Deseription—This affection of rabbits was first described by 
G. Бапаге а) at the hygiene institute in Montevideo in 1898, 
It was again described, Бу Splendore(2) at Sao Paolo, in 1908. 
The affection is characterized by a purulent blepharoconjunc- 
tivitis which is rapidly followed by swelling of the head, also in 
the region of the rectum, the opening of the urethra, and the 
genital organs. 

In 1905 Burgi(3) described an affection of rabbits which was 
similar to myxomatosis, but which he thought to be due to an 
infection with а strain of staphylococcus manifested by multiple 
suppurations. Burgi believed that this infection and its spread 
to enzodtic proportions could be traced to the transmission of an 
infection by fleas. 

In 1910 Hermans(4) studied this condition and described 
it as a form of pscudotubercuiosis in rabbits and identified 
it with syphilis in rabbits. — (Hutyra and Marek.) 

At autopsy animals dead of this disease show multiple gela- 
tinous tumors in the subcutis. Hypertrophy of the lymph 
glands, orchitis, and enlargement of the spicen are also found. 

‘The disease is transmitted artificially with ease, and in the 
absence of demonstrable microórganisms it is thought to be due 
to a filterable virus. 
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NOVY'S FILTERABLE RAT VIRUS 


In 1911 Novy(1) described a filterable virus which ће dis- 
Covered quite by agcident while studying several strains of relap- 
fing-fever spirochetes. It was his custom to maintain his 
strains of relapsing-fever spirochates by the inoculation of blood 
from rat to rat. 
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All at once the rats began to die, usually within forty-cight ¢ 
hours. Upon investigation Novy could find ho demonstrable 
bacteria present by cither microscopic or cultural method, 
Filtration experiments disclosed the fact that a filler passer was 
the cause of the infection. The infectious agent not, only passed 
through the ordinary Berkefeld filters but also easily passed 
through the finest filters, such as the Pasteur B and the Doulton. 
Furthermore, this agent was found capable of passing through 
collodion sacks and agar filters if not too thick. The virus con- 
tained in undiluted serum of the rat was assing 
the finest filters. The virus was viable in 50 per cent glycerin 
for four to six months at.d ordinarily killed rats in from thirty- 
six to forty-eight hours. In high dilutions it required seventy- 
two to ninety-six hours to produce symptoms and death in the 
rat. 

Хоту (2) found that his rat virus was not centrifugable. When 
submitted to centrifugation at 8,000 revolutions per minute for 
twelve hours the virus was not thrown down, This was true 
even when the serum was diluted with a thousand times its 
volume of distilled water. Е 

Тһе blood of infccted rats was found by Novy to be infective 
im extremely small doses. The virus was always fatal to rats 
even when quantities of blood were inoculated which represented 
only a fraction of а corpuscle. He states that “usually one bil- 
lionth of a сиђе centimeter will infect and we have obtained 
infections with one ten-billionth and even one-hundred billionth 
of a cubic centimeter. We can well imagine that in these high 
dilutions only а few organisms, possibly but one, are present," 


Jt is doubtful if any of the filterable agents known to-day are „+, + 


аз small as the one üescribed by Novy. Unfortunately, after * 
this virus had been propagated for several усагз the strain was 
accidentally lost. This is particularly unfortunate in that the 
study of this virus ín relation to the respiration work described 


later by Novy would have added very important knowledge 40774 


the field of the filterable viruses. 
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EPIZ0ÓTIC DISEASE OF GUSNEA PICS + 


We are indebted to Petrie and O'Brien( and to Sangiorgi (2) 
for what із known concerning this interesting disease ofqguinea 
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З pigs. Naturally gccurring diseases in laboratory animals such 

as the guinea pig аге of particular interest to the experimental 

" biologist for obvious reasons. Particularly is this true where 

large institutions breed their own animals for experimental pur- 

Poses. Where discase enters the stock, experimenta] work is 

a often delayed and resulta of experimental work are often diffi- 
cult to interpret when epizoótics are present. 

Petrie and O'Brien іп 1910 investigated an cpizoótic of guinea 
pigs that occurred in a stock of some five hundred guinea pigs 
at the Lister Institute, Chelsea. This disease killed 90 per cent 
of the stock guinea pigs. In searching for the causative agent 
of this disease these authors isolated a?bacillus which closely 
resembles Bocillus sxipestifer and В. aertryck. This organism 
was found to be present in the contents of the small intestine 

. and was readily isolated from the fæces of sick animals at least 
three or four days before the death of the animals, Тһе bacillus 

. * was also found in the liver and spleen but less frequently іп 

the heart blood. Even when found in the blood there were com- 
paratively few colonies and a marked septicemia did not appear 
to exist, «They were able to recover this bacillus in one instance 

750% from the bile but never from the urine. 

The bacillus isolated from epizoütic disease of guinea pigs was 
found to be extremely pathogenic when injected subcutancously 
into healthy guinea pigs. For guinea pigs weighing 250 grams, 
doses of 0,001 cubic centimeter of a broth culture invariably 
caused death within five days. Some animals succumbed follow. 
ing the injection of 0.000001 cubic centimeter but not always. 

Rabbits and white rats were also found to be susceptible, the 
dose of infective material depending upon the route of injection. 
Inoculation pep os did not always produét infection; in fact, 

` it was difficult to infect animals by this avenue. 

The іседі reaction following the subcutaneous injection of broth 
^ »,fultures of this bacillus consisted of an intense haemorrhagic, 
> ета and in older cases necrosis and abscess. In the natural 

' disease there appear minute yellowish white nodules in the 

‚ Spleen and liver, but in animals dying from inoculation with the 

+ bacillus it was rare to find even minute spots in these oxgans. 

Tn the natural disease the intestines are congested as well as the 

adrenals and lungs. 

Petrie and O'Brien have presented experimental erence that 

the actual cause of this disease is a filles passer. While their 
, results with filtrate experiments were not uniform, they found 

> » that sterile filtrates from organs of guinea pigs of the infected 


> и ) ۰ 
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stock frequently killed. These authors offer “Ғе Hypothesis that 
the disease is caused by a filterable virus, and that the bacillus 
isolated by them holds the same relation to this disease as B. 
suipestifer holds to hog cholera; namely, an associated bacterium 
and secondary invader. * 

The evidence presented for this concept may be briefly stated 
as follows: Due to the severity of this epizodtic it seems im- 
probabie that the bacillus is the actual cause of the disease when 
it was found so difficult to infect guinea pigs per os. The bac- 
terium was almost constantly present in the faces and there 
was ample chance for its spread by way of the intestinal tract, 
and yet experimentallythis organism possessed low pathogeni- 
city when given to animals with food. Furthermore, contact 
experiments failed, even though one animal badly infected w 
the bacterium was in the closest contact with normal animals, 
Lice from infected animals failed to transmit the discase to 
healthy animals. Finally Petrie and O'Brien observed that this 
bacillus is found in guinea pigs apart from an epizoótic and 
in apparently healthy animals, They conclude that the evidence 
suggests that the essential infecting agent in the epizedtic was 
а filter passer. 

Mrowka(3) in his studies on fowl pest and guinea-pig pest 
virus demonstrated that the infecting agents were not damaged 
when precipitated from blood by tannin, This author found 
that these viruses were not part of the albumin fraction of the 
blood but were closely associated with the globulin fractions. 
According to his experiments it was impossible by repeated 
washings to dissociate the virus from the globulin fraction of 
the serum, Sangiorgi holds that these experiments do not prove 
definitely that the Virus is associated with the, globulins for‘ 
the virus itself may be precipitated by such a reagent. 

For the time being epizoitic of guinea pigs may be regarded 
з а filterabie virus discaze of unknown etiology. Е 
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SALAVARY-GLAND DISEASE OF GUINEA PIGS ‹ 


Же, р 
Defmitión.— According to Cole and Euttner(1) the occurrence 
of intranuclear inclusions in the salivary glands of guinea pigs 
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i is due to an infettion with a fillerable virus. Experimentally, 
when an emulsion of the infected submaxillary glands of full- 

> grown guinea pigs is injected into the brain of young guinea 
pigs, there result fever and symptoms of cerebral irritation. 
At autopsy such animals show a subacute menidgitis and nu- 
merous cellular inclusions in the exudate. 

History.—1n 1920 Leila Jackson (2) first described the presence 
in the salivary glands of guinea pigs of an intracellular proto- 
zoan parasite. Jackson examined the salivary glands of forty- 
eight guinea pigs, eighteen of which were tuberculous, Of this 
number twenty-six animals were infected and the infection oc- 
curred in about the same proportion in the tuberculous guinea 
pigs and in the presumably normal animals. According to this 
author the protozoan most often appears in thc cells of the ducts 
of the salivary gland as an encysted, round or oval structure, 
These structures were found particularly in the serous portions 

of the glands, but in severely infected animals they were also 

found in the mucous portions. Jackson believed that she was 

dealing with the vegetative cycle of an intracellular protozoan, 

perhaps coccidium, the sexual cycle of which occurs in some 

r? >» other location, The small round bodies that she described in 

the peripheral zone of the parasite wore thought to represent 

merozoites. 

in 1926 Cole and Kuttner studied the salivary glands of se- 

venty-five guinea pigs over six months of age. They found that 

63, or 84 per cent, were positive for these structures when 

stained by eosin and methylene Мис. They identified these cells 

as swollen epithelial cells, the nuclei of which contain а mass of 

2. granular material that is definitely acidophilic. Ву transmission 

Jexperiments they were able to conclude that they were dealing 
with a virus disease, 

The virus of salivary-gland disease of guinea pigs.—Cole and 

за Kuttner state that the infective agent in this disease is destroyed 

by heating at 54° С. for one hour, and that preservation in 50 

per cent glycerol for eleven days does not destroy its activity. 

‚ According to these authors the virus becomes inactive after twen- 

> ` ty-cight days in 50 per cent glycerol, They further demonstrated 

that the infective agent is filterable through Berkefeld М filters 
which are impermeable to bacteria, 

“Incubation period —When emulsions of infecte# salivary 

glands taken from full-grown guinea pigs-were injected into the 

brains of young noninfected guinea pigs there was a definite 
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тізе in temperature within forty-eight hours.to 405 or 106° F. 
On the third day the inoculated animals were definitely sick. 
According to the work of Cole and Kuttner then, the incubation 
period in experimental infections with this virus may be regarded 
as very short. 

Symptoms,—in normal animals harboring this virus in the 
salivary glands there are apparently no constitutional symptoms. 
The disease manifests itself only by the peculiar histologic find- 
ings at the site of the infection. In the young guinea pigs 
inoculated intracercbrally by Cole and Kuttner with infected 
salivary-gland material, definite symptoms were obtained. Fol- 
lowing the rise in temperature which results forty-eight hours 
after injection, the animals appear sick, the hair is raised, and 
the animals do not move in their cages, On the fourth day the 
animals develop slight tremors and convuisions. By the fifth 
day inoculated animals are very jll, unable to rise, and soon 
succumb {о the infection, Young guinea pigs that received in- 
tratesticular inoculations of virus developed an elevation in tem- 
perature but were normal otherwise. Injections of infective 
material into the tongues of young animals were followed by no 
symptoms. An inoculation made into the lung of one guinca 
pig resulted in a rise in temperature on the seventh day, at 
which time the animal was sacrificed for histologic study. 

Animals susceptible to the virua of guinea-pig salivary-gland 
disease, —At present only guinea pigs are known to be suscep- 
tible to this virus, Cole and Kuttner found that rabbits, rats, 
and kittens remained well after inoculation with infective ma- 
terial and no histologic lesions could be demonstrated in these 
animals. ^ 

Immunity —At present по data are available on this phase 
of the disease, Cole and Kuttner found that only three out of 
forty-three young guinea pigs, mostiy under one month of age, 
‘were infected. Later in life nearly all guinea pigs become irw. 
fected. 

Pathology—it has been mentioned that what Jackson took 
to represent protozoan parasites, Cole and Kuttner believe to be, 
swollen epithelial cells with nuclei having the same characters 
as the nuclei of the atypical cells in the lesion of herpes simplex. 
"The altered cells may be from twice their normal size up. to 40 
microns ‘in diameter, They are found in-both the serous and 
mucous portions of the gland, but predominately in the sereus 
portion. They Не on the basal membrape or within the lumen . 
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of the duct. rasome cases large numbers of ducts aro involved 
while in óthers only one or two ducts may be affected. There 
is a cellular reaction about the ducis containing these cells which 
consists of mononuclear cells, lymphocytes, and large cells with 
vesicular nuclei (Cole and Kuttner). ‘The cytoplasm of the cell 
stains light blue, the nuclear membrane stains deeply with 
basic dye, and near the center of the nucicus is » mass that 
stains red. This mass may occupy one-fourth of the nuclear 
space or fill it entirely except for a narrow halo between it and 
the membrane. This clear area may contain irregular masses 
which stain deeply with the basie dye. , Also, radiating bands 
which stain with basic dye may be found extending from the 
inner surface of the membrane to the central mass. In the 
main these structures resemble closely the structures found in 
herpes simplex. Such structures could not be demonstrated 
by Cole and Kuttner in the salivary glands taken from rabbits, 
rats, mice, dogs, or cats. Further study will be necessary in 
order to determine the exact nature of these bodies, From the 
evidence presented by Cole and Kuttner it appears that in this 
disease'of guinea pigs we have still another condition in which 
intranuclear inclusions are associated with an infection with а 
filterable virus. In the transmission experiments of these au- 
thors typical structures were demonstrated in the exudate of 
guinea pigs infected intracerebrally, in 75 per cent of the ani- 
mals receiving intratcsticular inoculations, in the tongues of 
animals inoculated at this site, and іп the lungs of one out of 
three animals receiving direct injections into this tissue. Efforts 
to transmit the infection indefinitely in series failed, although 
it was possible to reproduce the lesions, through two animals 
in series апф in one experiment through three animals in series. 
No explanation has been offered for this failure. 
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GUINEA-PIG PARALYSIS E 


Like epizoótic disease of ‘guinea pigs this disease of guinea 
pigs is of particular interest to the experimental biologist. Gi 
nea-pig paralysis Is a good example of a naturally omurring dis- 
базе in laboratory animals, the symptorhs of which were first 
thought by Rémer {р be part of the picture of an experimental 
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disease he was studying. As we pointed out ir. the description 
of cpizoótic disease of guinea pigs, it is essentia? for the biologist 
to become informed regarding the naturally occurring diseases 
in experimenta] animals in order that he can evaluate and in- 
terpret experimental results. This disease and'its discovery 
is a case in point. 

In 1910 Rümer(1) first called attention to a paralytic con- 
dition in guinea pigs which he believed at that time was related 
{о the experimental diseases he was studying in this animal. 
Ше pointed out that the disease was not extraordinarily rare in 
guinea pigs. In 1911 Rémer(2,3) studied this disease further 
and concluded that the affection is a disease зи} generis. In 
the artificially induced infection the disease is characterized 
by an initia) rise in temperature followed by a slight loss in 
weight. The incubation period ranges from nine to twenty-three 
days and there are no further symptoms following the intracere- 
bral inoculation for some time. The initial rise in temperature 
and loss in weight are regarded by Rémer as incidentat to the 
surgical shock following intracerebral inoculation. After an in- 
cubation period of nine to twenty-three days the disease begins 
with an elevation in temperature followed in one or two days by 
a loss in weight and nerve manifestations, The latter consist of 
daily increasing hypotony of the muscles, particularly of the hind 
legs. The comparison of the muscles of the sick animals with 
those of healthy animals is very striking. In some cases the 
first symptoms are related to the biadder, and incontinence of 
urine is observed. According to Römer complete paralysis of 
the bladder may ensue. Guinea pigs with this disease when 
dropped or ісі loose on х table fall upon their sides, while normal 
animals always fall upon all four fect. ‘The paralysis of the hind 
legs gradually increases until complete paralysis exists. When 
the bladder symptoms are absent Römer states that the disease 
sitaulates closely the Heine-Medin, poliomyelitis, sickness of man. 

The duration of the disease varies considerably. Death may 
result within two or three days after the onset of symptoms, 
Usually the disease persists for eight or ten days, and in one ^ 
case tne animal did zot die for four weeks after the onset of 
symptoms. The mortality is 100 per cent. 

The virus of guinea-pig paralysis. Guines-pig paralysis it 
caused by а? бНегаМе virus, All attempts io demonstrate bac- 
teria or protozoans in stained smears from nerve tissue have 
failed. Culture methods have ali been unsuccessful with this 
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virus. ‘Tha virus*is filterable through Berkefeld filters, the fil- 
trate being capable of inducing the infection in healthy guinea 
pigs. There is no evidence that any othcr animal is susceptible 
to the virus of guinea-pig paralysis. Römer was able to trans- 
mit the disease in series from guinea pig to guinea pig by brain 
and spinal-cord emulsions when inoculated intracerebrally. Тһе 
animals inoculated with 5 per cent emulsion of the material 
exhibited the sume incubation period as those inoculated with 
one hundred times diluted material. А 1 : 10,000 dilution of 
the infective material failed to induce the disease. 

Animals inoculated with Berkefeld-filtered material came 
down with the disease within the same incubation period as those 
inoculated with unfiltered material. The virus was recovered 
from these animals. The filters employed by Rémer were tested 
with B. prodigiosus, The virus was found to be resistant to 
glycerin. Material kept for ten days in 50 per cent glycerol 
was found to be potent. Within fifty-six days the virus is de- 
stroyed by 50 per cent glycerin, 

The vigus of guinea-pig paralysis is present uniformly in the 
tissue of the central nervous system and in some cases was 
found by Rómer in the spleen, liver, and lymph glands. The 
virus was never present in the kidneys, lungs, bile, or urine, 
While the disease always follows intracerebral inoculation, re- 
sults were for the most part unsatisfactory when infective ша- 
terial was inoculated subeutencously, intravenously, intraperi- 
toneally, or intranevvally. 

"The anatomical changes in the central nervous system are 
"characterized Бу a meningo-myelo-encephalitis. The infiltrating 
telis are predominately of the lymphocytic type. In this respect 
there is a closé analogy between this disease in guinea pigs and 
encephalitis and poliomyelitis in man. 

„ Herpes infection of the central nervous system in laboratory, 
animals occurring as à natura] infection has not been reported. 
Tt is well known, however, that an encephalitie process can be 
induced in guinea pigs, rats, and rabbits with various strains 
Of herpes virus. Also it is now recognized that spontaneous 
encephalitis in rabbits is fairly common, allhough herpes is in 
no way connected with this affection. Encephalitis aleo occurs 
in "horses and sheep. Guinea-pig paralysis in Rümgr's expe- 
тіерсе occurs only әз sporadic cases and never in epidemic form, 
One wonders if there is a possibility of this filterable virus 
being related to the herpes group. The fact that other labor- 
glare > , 
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atory animals were not susceptible to Rémer’s tirus is against 
this view. However, when opportunity presents itself cross- 
immunity experiments with the guinea-pig paralysis virus and 
fhe herpes viruses should be performed. ў . 
The evidence al supports the view that guinea-pig paralysis is 
caused by a filterable virus, and in view of its high infectivity 
for guinea pigs this virus should receive further attention. It 
appears to Бе ideal material for the study of some of the more 
fundamental problems dealing with the study of the filterable 
group of infectious agents. 
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NOCUCHI!'S FILTERABLE VIRUS FROM DERMACENTOR ANDERSONI 


Description.—In 1926 Noguchi() described a filter-passing 
virus which he isolated from one lot of ticks collected in Saw 
Tooth Canyon, Montana. This virus proved to be infectious 

. for guinea pigs and one monkey (2?асасив rhesus) though опе 
rabbit inoculated remained negative, 

In Noguchi's experiments ticks were allowed to feed upon 
normal guinea pigs. Ticks 1, 3, and 4 were found gorged 
With blood, tick 2 died. The ticks were eviscerated, the 
viscera were individually suspended in salt solution, and 1 cubic 
centimeter of each suspension was injected into a normal guinea 
pig, The suspensions of ticks 1 and 2 induced spotted fever, 
that of tick 4 produced no reaction. The suspension of tick 3 
induced a fever similar to spotted fever, but this did not 
confer immunity to the spotted-fever virus. It vas from tick 
3 that the filter-passing virus was obtained. 

Noguchi found that he could cultivate this filtcrable virus upon 
Semisolid media for at least seven generations. The virus is 
aerobic, grows at 26 and at 27° C., and does not grow in ordinary 
broth or on slant agar. It produces a slight turbidity when 
grown in scrum media containing carbohydrates. The blood 
and spleen of infected animals contain the virus, The virus is 
filterable through Berkefeld N filters. 

According to Noguchi the virus has been transmitted frem 
infected guinea pigs to ticks and in one instance by a tick feeding 
from an infected tick to a guinea pig. Infection of guinea pigs 
with this virus affords no protection against the virus of spotted 
fever or vice versa. 
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PLATE 23. GUINEA-PIG PARALYSIS, 
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The chief symptoms in guinea pigs consist of a continuous high 
Tever of 104.5 to 106.5? F., and enlargement of the spleen. 

‘This virus should be of importance to students of the fillerable 
viruses, since it appears to be one of the few that сап be cul- 
tivated artificially, 

Reference 1. Мосусил, Journ. Exp. Med. 44 (1926) 1-10. 


ILLUSTRATION 
PLATE 23. Guinea-pig paralysis. (After Römer.) 


CHAPTER ІХ 


OTHER POSSIBLE FILTERABLE VIRUS DISEASES 
OF MAN 


COMMON COLDS: ACUTE CORYZAS 


Under the heading of common colds we include a group of 
acute infections (exud.tive and catarrhal) of the nose, throat, 
larynx, trachea, and larger bronchi, In some cases the sinuses 
are involved. Epidemics of “colds” are common, and the infec- 
tion appears to spread with great ease. The infection may local- 
ize in one membrane such as the nose, rhinitis, or in the pharynx, 
pharyngitis, or two or more membranes may be involved. In 
some cases the sinuscs, the naso-pharynx, throat, trachea, and 
larger bronchi may ail be affected. “Common colds" should be 
regarded as an acute infectious disease and not merely as con- 
gestion of the respiratory membranes produced by drafts of cold 
air, changes in temperature, ctc, Under normal circumstances 
ihe ciliated epithelium of the respiratory tract prevents to a 
large degree the entrance of bacteria from without. However, 
this mechanism is not perfect and untold numbers of microbes 
enter the respiratory tract. Also it is now known that the lac- 
rymal and nasal secretions exert a mild germicidal action and 
this is likewise true for the saliva. There is some evidence that 
the secretions from other mucous membranes of the respiratory 
tract possess bactcriovidal properties, The mechanical and 
chemical nature of the mucous membranes of the respiratory tract 
then tends to prevent infection under normal conditions. Why 
n are colds so prevalent? Ji is estimated that about 10 p 
cent ef human beings are at all times affected by “common cold: 
of greater or lesser degree. Undoubtedly there are many pre- 


disposing causes to the development of common colds, but the | 


chief reason common colds are so prevalent is the fact that they 
are duc ta acute infections caused by one or more specific in- 
fectious agents, 

The “common cold" has attracted more attention in recent 
years than ever before The medical profession and the public 
at large have begun to realize the importance of this disease, 
especially in its relation to epidemic influénza and pneumonia 
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> дай its econcinie importance to the nation in the enormous loss 


of workilg hours which resuls from these infections. 

Bacteriologists have long been concerned with the problem of 
the common cold, and many attempts have been made to isolate 
the causativé organism. At various times such microbes as 
pneumococci, influenza bacillus, streptococci (both hamolytic and 
viridans), staphylococci, 3fierococeus catarrhalis, and diphtho- 
roids have been cultured from the respiratory tract of cases of 
common colds. Of the relation of any of these bacterial forms 
to colds little is known. So far there is no direct evidence that 
any of these bacterfa should be incriminated as the single etio- 
logical factor of these infections, 

liüter(i) ја 1873 first described a micrococeus as the cause 
of common colds, in 1888 Hajek(2) reported the presence of a 
large diplococeus, Diplococeus coryzz, found in the early stages 
of acute colds. Paulsen() in 1890 examined a number of савез. 
of common colds and found various cocci and bacilli in the повез 
and throats of these patients, Cautley(4) a few years later dis- 
covered the presence of a diphtheroid bacillus in seven of eight 
cases of colds of various types, Не believed this organism to be 
the cause of acute colds and designated it В. coryzz segmentosua, 
Benham(s) quotes Gordon as having found Cautley’s bacillus 
in seven cases of colds. With this organism Gordon was able 
to produce illness in guinea pigs from which they recovered 
after a few days, Benham also quotes White as having found 
Cautley's bacillus in seventeen of twenty-one cases, although 
inoculation experiments on guinea pigs, rabbits, and monkeys 
were negative, 

In 1908 Benham found a diphtheroid organism, which he be- 
lieved to be, identical with Cautiey’s organism, їн twenty of 
twenty-one cases of colds, He named this organism Bacillus 
зербих. Micrococcus catarrhalis was also present in several of 
Benham’s cases. In 1902 Gohn and Pfeiffer(6) found Місгосейз 
catarrhatis їп cighty-one of one hundred forty cases of in- 
fections of the respiratory tract. These authors regarded the 
presence of this organism in respiratory infections as a sa- 
prophyte which, under favorable conditions, gives rise to acute 
infections. Benzancon and de Jong(7) during an epidemic of 
influenza in Paris in 1905 found various organisms present in the 
respiratory tract." Among these were Micrococcus *catarrhalis, 
Місгососсиз paratetragenus, Риситососсйв, Friedlander'a bacil- 
lus, staphylococcus, streptococcus, and diphtheroids. During the 
same year Dunn and Gordon(®) pointed out the etiological im- 
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portance of М. catarrhalis in an epidemic iu "Hertfordshire, 
England, while Allen(®) during the following year isolated Af- 
catarrhalis from several cases of common colds in the same 
country, Neumann(0) in 1902, as a result of his extensive stu- 
dies on the etiology of common colds, concluded that diptheroids 
and pneumococci, and perhaps other organisms, could produce 
colds. This investigator found Aficrococeus pyogenes albus pre- 
sent in 86 to 90 per cent, diphtheroids іп 98 per cent. Не states 
that seventy-eight strains of diphtheroids isolated by him were 
found to be nonpathogenic when inoculated into guinea pigs, al- 
though pathogenie strains of this organism were found in infected 
cases. Both Lingelsheim(H) and BarnesQ?) have shown that 
streptococci may cause infections of the nose, pharynx, and ton- 
sils, The streptococcus has, of course, long been established as 
an etiological agent in epidemic sore throat, Mathers(13) in 
1917 and Floyd(i4) in 1920 described streptococci and staphy- 
lococci in relation to epidemics of acute respiratory infections 
occurring in Chicago and Boston. 

In 1920 in the Boylston prize essay, Mudd, Grant, and Gold. 
man(15) have reviewed the entire literature on the acute re- 
spiratory infections and after a carcful analysis of the various 
bacteriologic findings state: 

Since the early days of bacteriology, attempt has been made by the 
several proponents and opponents of the infectious theory to refer the 
“common cold" on the one hand to the action of а specific microürganiem, 
and on the other hand to various cnvironmental and constitutional causes, 
such аз exposure to changes of temperature, the “lithemic diuthesis” and 
what not, Although perhaps leudable as philosophic ideals, such efforts 
to explain the many phenomena involved by a single cause are less deserv- 
ing scientifically, and have met with just failure. The common cold із, 
аз a matter of fact, іп most instances the result of a locsd infection, but 
there are many types of cold and many infectious agents responsible for 
them, and the effect of various constitutional and environmental factors 
ig determining infection is often of great importance. Furthermore there , 
aro many acate inflammations of the upper respiratory tract not primarily 
due to the local action of microdrganisms, but rather to local expression 
of chemical or mechanical irritation, of thermal trauma, of nervous reflexes, 
of drug intoxications, of constitutional disease, or anaphylaxis. 

In 1913 Tunnicliff 06) investigated cighty-two cases of com- 
mon colds in Chicago, and from 92 per cent isolated a bacillus 
to which she gave the name В. rhinitis, Also this investigater 
found the"same organism in 90 per cent of twenty cases of 
chronic colds, rhinitis. In normal throats she was able to pro- 
duce a slight inflammation with B. rhinitis, and the organism 
was recovered in most cases from the artificially infected throats 
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‚ eighteen to ӨңеМу hours after inoculation and in а few cases 
ко or thzee days later. Tunnicliff vaccinated two volunteers 
with this organism, and from variations in the opsonic index 
she believed that there was evidence that this organism із the 
cause of common colds. 

Кгозе(17) in 1914 filtered the nasal secretion from a case 
having acute coryza and then placed a few drops of the filtrate 
upon the nasal mucous membranes of twelve volunteers. In four 
of these cases acute colds developed. The period of incubation 
in the positive “takes” ranged between one and four days. In 
this experiment the infected nasal secretions were diluted fifteen 
times with sali solution. In another exiX}riment Kruse diluted 
the infected nasal secretions from an acute coryza patient with 
twenty times its volume before fillration. In the test experi- 
ment with this filtrate thirty-six students were inoculated, and 
42 per cent developed acute symptoms of coryza within onc to 
four days. 

The experiments of Kruse were repeated by Foster(!8) in 
1915. This investigator confirmed the presence of a fillorable 
virus in the nasal secretions of cases of acute colds. Material 
taken from a case of acute coryza, diluted and passed through 
Berkefeld N filters, when inoculated into nasal cavities of ten 
soidiers produced symptoms within eight to thirty hours in 
nine instances. In seven of Foster's cases the symptoms of 
acute coryza were definite and clear cut; two reacted question- 
ably, while one case exhibited no symptoms. Foster states: 


The initial symptoms, аз a rule, were dryness of the nose and throat 
and attacks of sneezing, dull frontal headache and а sensation of puin 
> or fullness over the frontal sinuses. Several of the men complained of 
> alternate sensations of chilliness and flushing” There was a copious rhi- 
northea, usually on the sccond day, in a majority of the cases. Six of 
the subjects exhibited slight rise ín temperature—99. 
these cases the pulse was accelerated. Tinnitus aurium or slight im- 
+ pairment of hearing was recorded in four instances; sore throat im By 
cough 5; and aching pains in the back or extremities in 4. One of the 
men complained of parotid tenderness and pain on moving the jaw; im 
another case а marked crop of herpes labialis was noted. The duration 

of the symptoms varied 3 to 6 days—usvally Б. 


Foster was unable to obtain growth of any organisms from 
early cultures of his filtrates, but under the dark-ficld microscope 
йе noted myriads of extremely active, minute bodigs occurring 
singly, in pairs, and in masses varying jn size. In older cul. 
tures, fourteen days, of his material Foster found minute сос- 
соја bodies which Varied іп size from those barely visible to 
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those larger than staphylococci, The larger bodies often showed 
smaller bodies adhering to them. This microbe stained with 
Giemsa’s but not well with ordinary laboratory stains, The 
predominating type noted by Foster was a small globoid body 
measuring 0.2 to 0.3 micron in diameter, In corclusion Foster 
states: 


It becomes evident nt once that this mieroürganism differs markedly 
from any known organism with the possible exception of the "glohoi 
bodies” described by Flexner and Noguchi(19} and believed by them 
io be the causative factor in poliomyelitis, An extremely picomorphic 
streptococcus, the minute forms of which bear some resemblance to this 
microürganism has recentiy been described in connection with poliolyelitis, 
also, by Mathers, (20) Etósenow, Towne and Wheeler,(21) and Nuzum and 
Herzog. (22) 

Later Foster compared his microbe isolated from cases of com- 
mon colds with the organism described by Flesner and Noguchi 
for poliomyelitis and also with the streplococcus described by 
Rosenow, Towne, and Wheeler. His examination showed that 
the organism isolated from common colds differs from the po- 
liomyelitis virus in that the former is subject to many variations 
in size and the larger forms show evidence of budding, neither 
of which із truc for the Flexner-Noguchi virus of poliomyelitis. 
Foster found that his organism showed little tendency to chain 
formation; and the pleomorphic forms, common to the strepto- 
coccus, were absent. Foster was also able to demonstrate that 
these cultures were filterable through Berkefeld N filters, and 
that filtrates of the cultivated organism in the second generation 
are infective when tested upon volunteers. 

‘The question naturally arises as to whether this microbe might 
not exist in symbiosis with the true ultravirus of common colds., 
No instance of such а phenomenon, however, is known, with the 
possible exception of hog cholera. Again the organism de- 
scribed by Foster might be a stage in the life cycle of an ul- 
teavirus and modern investigations upon the filterable forms of 
bacteria (tubercle bacillus, streptococci, etc.; see Chapter XVI) 
Jend support to this concept. In this connection Foster recalls 
the work of Hurt, Lakin, and Benians in which these authors 
suggest that epidemic meningitis may be due to an ultravirus 
while the meningococcus found in the spinal fluid of these cases 
represents “a late phase in the life history of an unidentified 
microérgarism that is the true infective organism.” These au- 
thors demonstrated tLat it was possible to obtain а pathogenic 
virus from the spinal fluid of acute cases pf epidemic meningi- 
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. tis after the ГЇЇ fluid had been passed through a Chamberland 
F filter, , 


Е In support of this theory Foster points out that the microbe 


isolated by him from cases of common colds shows a consider- 
able variatiom in size, and, further, that from seven to fourteen 
days аге needed in order to obtain growth of the virus. The 
Virus is cultivated under anaérobic conditions. In conclusion 
Foster says, "Although conclusive proof of its nature has not 
been adduced, the experiments suggest that the microórganism 
described bears a definite relation to the true infective agent of 
common colds.” 

Mudd, Grant, and Goldman in the Boy’ston prize essay, after 
а careful survey of all the important investigations which have 
been made on the etiology of the common cold, further state: 

A fiternble virus seems without question to be the causative agent in 
the coryza of one fairly well defined 1урс—А. Common and fairly well 
defined clinical entity, and acute coryza, exits, probably with the füterable 
virus of Kruse and Foster as Из causative agent. This affection is readily 
communicable and probably does not depend to any great extent upon 
the action of exciting factors in depressing the resistance of the subject, 
(2) A heterogenous group of pure and mixed i Mections of (he nose, pha- 
тупх and tonsils exists with various clinical pictures—some closely ap- 
proaching that of Foster, others mere circumscribed inflammations ана 
with any оле. of a considerable number of bacteria capable, under ap 
propriate circumstances, of acting as causative agents, 

Of the bacterial forms which have been described by various 
investigators it appears that the pneumococeus, the streptococ- 
cus, B. diphtheriz, B. rhinitis, Pfeiffer’s bacillus, and Fried- 
lünder's bacillus have the best claims to etiological import in 

*, relation to the acute respiratory infections. 

* While it ig well recognized then that^the common cold is to 
be regarded as an infectious disease, authorities are also agreed 
that there are a number of predisposing factors in the develop- 

‚ „ment of such an infection. Furthermore, there may be symn- 
toms of согуга which are not related to infection but which may 
be caused by one or more of these factors, It has long been 

» thought by the layman and by physicians that drafts of cold air 
may cause colds. Chilling of the body surface, particularly one 
portion of the body surface, is now though? to be a predisposing 
cause іп the development of colds. In fact the general statement 
thay be made that,anything which lowers the resistance of tho 
hgst may predispose to infections, Practically all texts are 
agreed on this thesis. It follows then that exposure to cold 
drafts contributes td the development of colds. Мада, Grant, 
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and Goldman have shown that the chilling of the body surface , 
causes reflex vasoconstriction and ischwmia of the mucous тет: 
branes of the nasal cavity, nasopharynx, palate, oropharynx, and 
palatine tonsils. These authors believe that ischemia may be 
the means of lowering the local resistance to infvetion. Rose- 
nau(23) states: 

Chilling causes vasomotor contraction of the capillaries of the skin, 
which is doubtless designed to conserve body temperature; coincidently 
there is turgidity of the erectile tissue of the mucous membrane of the 
turbinates, which is probably a defensive action. This congestion partly 
closes the позе amd causes snuffiny and increased secretion, which is or- 
dinarily called a cold. A great variety of mechanical, chomical and even 
psychic stimuli will produce congestion of the cavernous tissue over the 
turbinate; in fact, the mucous membrane of the лозе may become very 
sensitive, even hypersusceptible, Anaphylactic reactions to pollen and 
proteins аге common manifestations of the nassi mucosa, 

Vanghan(24) states in this connection: 

In our opinion, the acute coryzas are most rationally explained on the 
ground that they are due to protein sensitization. They may be caused 
by апу protein, living or dead, organized or unorganized, particulate or 
im solution. Omitting from consideration Foster's theoretical jJoboid bo- 
dies, suspected in his subcultures, his experiments and those of Kruse. 
ата most easily explained on the ground of protein sensitization. These 
experiments aro practically duplications of the opthalmic tuberculin test. 

A minute trace of tuberculin dropped into the eye of a patient im the 
early stages of tuberculosis causes an exudative inflammatory action. In 
ali probability, Foster's soldiers had heen previously sensitized to the 
Same protein which existed in his nasal scerctions and in those of his 
laboratory assistunt, If this be tree, it could not be otherwise than that 
flammatory reaction would result within a few hours after the ap- 

of this protein to the nasal mucous membrane of these soldiers. 

When writing the above Vaughan was not informed of the la" ^ 
ter work of Foster in cultivating the microorganism with which 
he was able to produce colds in volunteers. Perhaps the main 
thesis of his theory of the origin of colds he would have stated 
notwithstanding, However, in view of Foster's work, confirm.’ 
ing and extending as it does the experiments of Kruse, and fur- 
ther in view of the recent studies of Olitsky and Gates(25) on 
а filterable agent which they believe to be the cause of influenza, ` 
science is not ready <о accept Vaughan's theory of sensitization 
for common colds. Neither, for that matter, are we willing, 
without more conclusive data, ready to accept the filterable virus 
origin of olds and influenza. However, in the broad interests‘ 
of science we must give these theories and experiments serious 
consideration, . 
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„In view of а ле have been able to learn by experimental 
work and through observation, we are inclined to agree with 
Mudd, Grant, and Goldman that a clinical entity exists in the 
form of the infectious cold. Similarly it is well known that 
coryza is comraon in some people who become sensitized to va- 
rious proteins. Consequently а classification of colds might be 
suggested as follows: 
1. Common colds due to infectious agents, 
(а) Various pathogenic bacteria. 
(5) Filterable viruses, 
2. Colds due to local sensitization to various proteins. 

To these groups should be added “нов predisposing causes 
which, in and of themselves, are not the causes of colds but con- 
tribute to the development of colds by creating favorable con- 
ditions for infection by microorganisms or sensitization to 
various proteins other than infectious agents. Under this head- 
ing we should include: Drafts of cold air which produce a chil- 
ling of the body surface; chemical or mechanical irritation; 
thermal trauma; nervous reflexes; drug intoxications; constitu- 
па} diseases: and psychic influences, In general any factor 
which may lower the resistance of the host to infection or sen- 
sitization may be regarded as a predisposing cause in the de- 
velopment of common colds. 

While the subject of the common cold is now recognized to be 
опе of the most important problems from the standpoint of 
health and discase of the racc, there still remains much work to 
be done in careful investigative work of its canso or causes, 
We are inclined to feel that the work of Foster and Kruse has 


У + given us convincing evidence that at least one type of cold may ђе 


due to a filtergble virus and that future investigative work should 
be done along these lines to enable us better to understand the 
nature of these agents and the mechanism by which infection 


» stakes place. + 
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INFLUENZA 
EPIDEMIC INFLUENZA; La GRIPPE; GRIP 
Dejinition — Infuenza is an acute, highly communicable, fe- 
brile disease, characterized by catarrh of the respiratory tract 
and in some cases of the alimentary tract, by pains in the head 
and musculature, by its tendency to bronchial and pneumonic 
complications, and by its occurrence in epidemic and pandemic 
form. Тһе disease is also notable for its sudden onset and 
extreme prostration, ‘The cause of influenza has not been defi, 
nitely determined, but it is thought to be duesto 2 minute 
filterable virus, Bacterium paeumosintes, described by Olitsky 
and Gates.(1) 
' History —Vaughan(2) says, “What appears to be the first. 
recorded instance of an influenza epidemic is referred to in 
Livy in 412 В.С” While according to this author these early 
reports are not authentic, the disease appears to have been in- 
fluenta because of its sudden onset and wide distribution. Vaug- 
han quotes Hirseh as looking upon the year 1173 as witnessing 
the first epidemic of which authentic reports are available. Ir- 
fluenza during that year spread over Italy, Germany, and 
England. This authór states that the first great pandemic of 
the disease occurred in 1510. At this time influenza spread 
from Malta to Sicily, thence into Spain, Italy, Hungary, Ger- 
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many, France, ћаћ England. The symptoms of the disease con- 
sisted of fever, cough, hoarseness, headache, anorexia, insomnia, 
pains in the stomach, kidneys, and legs. Symptomatically then 
this pandemic appears to have been due to influenza. From 
this time on history records numerous pandemics of the disease, 
Great pandemies are known to have occured in 1590, 1732, 1781, 
1830, 1833, 1836, 1847, 1850-51, 1855, 1857-58, 1874-75 and 
1889. in North America epidemics have occured since 1557. 
Vaughan records the various epidemics as follows: 1557, 1580, 
1647, 1732, 1737, 1760, 1180, 1789, 1805, 1824, 1830, 1826, 1843, 
1850, 1860, 1862, 1873, 1874, 1879, 1889, 1891, 1916, 1018. Тһе 
last great pandemic occurred in 1918-19 and again in the winter 
of 1919-20. Тһе disease entered America in September of 1918. 
‘Thousands of men were mobilized in the army camps and the 
disease swept through these hordes of men like а tidal wave, 
leaving: great numbers of dead in its wake. In this epidemic the 
disease had its highest mortality in the age group of twenty to 
thirty-five years (though the disease was by no means confined 
to this group), and for that reason greater mortality resulted 
in the ary than in civilian life. During this year the disease 
spread all over the world to pandemic proportions and is соп- 
sidered the most severe outbreak of influenza in the history of 
all time. According to Vaughan (Warren) the 1918 pandemic 
had its origin in the United States and the virulence of the organ- 
ism was enhanced by passage to and from Europe. The com- 
mon complication of the disease in this epidemic was pneumo- 
Tia. The pneumonia rate was somewhat higher among colored 
troops than among white troops as was also the death rate, Out 
"9f 1,439,000 men under arms in the United States, Vaughan 
states that 333,343 had influenza, or 22.6 per cent. The death 
rate among these troops during this epidemic was 1.56 per 
cent, Та the American Expeditionary Forces abroad there were 
1,145,000 men under arms and 77,828 of these had influenza." 
The death rate in this group was only 0,48 per cent. This has 
been explained by the fact that the soldiers in Europe were 
"seasoned men, who came from camps where influenza had 
been present and so had acquired some immunity to the disease. 
While the mortality in civilian life during this epidemic was 
lower than in the army, it was greater іл the cities than in 
rural communities.’ Undoubtedly the crowding of йптап be- 
ings contributes to the great spread of tHe disease, Influenza 
occurs in succession and does not attack a people en masse. It is 
spread from person to,person through coughing, speezing, and 
б 8 


254 The Philippine Journal of Scien-e эз 


by droplet infection from the mouth, nose, anditheoat of infected > 


persons. Carriers of the virus of influenza may itansmit the 
Risease to healthy persons though they are themselves unaffected 
by it. Dust may transmit the disease from infected persons to 
healthy persons, but for the most part the disease is dissemin- 
ated from person to person, A comprehensive analysis of the 
last great pandemic of influenza is given by Vaughan and for 
а detailed analysis the reader is referred to his work. 

Distribution.—Influenza may occur іп pandemic form and 
exist practically all over the world wherever man, its natural 
host, is found. Small epidemics are undoubtedly in existence in 
some parts of the wérld at all times. Periodically the disease 
spreads (0 pandemic proportions and must be explained cither 
by a diminution of the normal resistance or immunity of the 
host, or by an increase in the virulence of the virus or perhaps 
a combination of both. 

The virus of influenza—In 1892 Pfeiffer(3) discovered the 
influenza bacillus in thirty-one cases of clinical influenza. The 
bacillus was present in smears from the pharynx and sputum. 
This organism is a small, Gram-negative, nonmotilo, hemo- 
slobinophilie bacillus which grows aérobically at 37° C. on blood 
agar. Various investigators have found this organism almost 
constantly in the throats of influenza cases. It is present in 
about 30 per cent of normal throats and also occurs in cases of 
measles and whooping cough and in other infectious diseases. 
Pfeiffer claims to have produced influenza in a few instances in 
monkeys and atypical forms of the discase in rabbits. It is 
interesting to note that during the 1918 epidemic various 
organisms were reported from the different army camps in the 
United States as predominating in the cases of influenza in those 
particular localities, In some instances staphylococci predomi- 
nated, in other cases jt was a streptococcus or а pneumotoccus, 
-while in others the Pfeiffer bacillus was the commonest organism 
found. АЙ of these observations have led to the opinion that 
the influenza bacillus of Pfeiffer may be only a secondary in- 
vader, and while not the actual cause of influenza it may become 
exceedingly virulent and contribute to pneumonia, the most 
severe complication of the disease. Even now opinion remains 
divided as to the rôle the influenza bacillus plays in epidemic 
influenza.- Some authorities still believe in its etiologie signific- 
ance, and the question remains unsettled. After the discovery 
by Pfeiffer of the influenza bacillus this investigator found in 
three cases of bronchopneumonia following diphtheria in children 
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а similar, although somewhat larger, bacillus which he dosig- 
nated psedüoinfluenza bacillus. Whether or not this organism 
represents still another strain of the influenza bacillus and pos- 
sesses any relation to influenza is unknown, 
In 1918 Park and Williams(4) made a survey of the presence 
of the Pfeiffer bacillus at the beginning of the influenza epidemic 
in New York City. Their results are given in Table 8. 


TABLE 8. Influenza bacillus 
INFLUENZA CASES ON ASSOCIATES. 


ph lesse Union: Tint 
5 р d 

ттен 

P^ 

«| ав 

40 

"m 

dos 

| в 

conînors. 

" Ё i 
ores, coments. | PL 
ран о NE 
мела. | “| я, 
meris i qoa! 
Поља for s face rl =| | 
кк ај | з 


These results show that a greater percentage of influenza. 
э cases harbor the influenza bacillus thar” do presumably healthy 
persons, yet they indicate the presence of this organism in nor- 
mal persons. The etiologic significance of the influenza bacillus 
is exceedingly difficult to determino, since one sct of exper- 


* ® iments may indicate its relation to tbe disease while another 


indicates its unimportance, ‘The very nature of influenza pres- 
ents difficulties which make the etiologic significance of this 
` organism difficult to determine. For example, we do not know 
the relation of influenza to the “common cold," to “grip,” “cat- 
arrhal fever," or so-called “intestinal influenza," although with 
regard to the last it is thought that trae influenza may man- 
ifest itself predominately in some cases ps an inteftinal form. 
While a vast amount of experimental work has been published 
purporting to establish the influenza bacillus as the actual cause 
of influenza, such as the experimental production,by Blake and 
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Cecilt5) of a respiratory disease in monkeys with this organism, 
which they state is typical of influenza in man, we must conclude 
that the question remains unsettled. 

Other investigators in searching for the etiologic agent of in- 
fluenza have considered the possibility of a filterable virus as the 
cause of this disease. This is suggested by the extreme infec- 
tiousness of the disease; by the lack of uniform bacteriologic 
findings, particularly in the mild early cases but also in the older 
cases; and by the similarity of mild influenza to the common 
соја which has been thought by Кгиѕе, (6) Foster, (1) and others 
to be caused by а filte"-passing virus. 

Nicolle and Lebailly(8) in 1918 reported their work on mice 
and guinea pigs in which they inoculated blood and secretions 
from cases of influenza, or uncomplicated grippe. Their results 
were negative. These investigators then inoculated secretions 
from the nose and mouth of a typical case into the conjunctiva 
and nasal cavities of several monkeys. Both filtered and un- 
filtered secretions were inoculated. At the same time two 
healthy human beings were inoculated. The monkeys became 
sick, had a temperature of 40° C., and were depressed, and diarr- 
hed develóped iR rix days. "The EURAN swhjects inoculated 
subcutaneously exhibited similar symptoms about the same time. 
During the same year Dujarric de la Riviere(9) injected himself 
intraveneously with 4 cubic centimeters of blood taken from 
four cases of influenza, diluted and filtered, and three days later 
developed a temperature of 38° C. accompanied by intense head- 
ache, chills, pains in the limbs, and weakness. Afier about five 
days he rapidly improved and remained subsequently immune to 
filtered sputum taken from influenza cases and sprayed into his 
nose and throat. About the same time Selter(10F sprayed his 
own throat and that of another human subject with filtered 
secretions taken from а patient having early influenza. Both 
Selter and his subject developed mild attacks of influenza. At 
this time Binder and Prell(1) described certain minute coccoid 
bodies in the tissues of influenza patients similar to those de- 
scribed by Noguchi in poliomyelitis, These bodies stained with 
iron hematoxylin and Giemsa's but were Gram-negative. ‘They 
presented evidence that these bodies could be cultivated but were 
inclined to treat their etiologic significance with conservatism. 
Later Angerer (13) described similar bodies which he claimed to 
have cultivated directly from the serum of human cases of 
influenza, 
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+, In 1918 Broadford, Bashford, and Wilson(13) produced symp- 
toms in guined pigs and monkeys with filtered material taken 

* from cases of trench fever and influenza. In anaérobie cultures 
they found small Gram-positive bodies which they believed to 
be the causative agents. In the following year Arkwright(10 
reported that in his hands the cultures of Wilson proved negative 
When inoculated into three volunteers. During the same year 
Yamanouchi, Sekakami, and Iwashima(iS) injected emulsions 
and filtrates of emulsions made of the sputa from forty-three 
cases of influenza, into the nose and throat of twenty-four volun- 

+ „teers. These authors state that six of the volunteers, who had 

“previously had influenza, were immune ап showed no symptoms 
following the inoculation, but the remaining eighteen developed 
the disease within two or three days. Furthermore, filtered 
blood taken from influenza patients produced the disease in 
healthy volunteers, These investigators were unable to produce 
symptoms by injecting Pfeiffer's bacillus or this organism mixed 
with pneumococci, streptococci, and staphylococci into the nose 
and throat of fourteen healthy volunteers who had never had 
the disease. 

> 12 1919 Lister and Taylor (16) produced only negative results 
in monkeys and human beings following the injection of filtered 
material taken from the lungs and throats of influenza cases. 
Wahl, White, and Lyail(17) during the same year obtained ne- 
gative results following а similar procedure. Leschke, (18) on the 
other hand, permitted a number of people to inhale the vapor 
from lung filtrates taken from typical cases of influenza and 
incubated for several days, and ali of his subjects developed 

VC, typical influenza, 
> An attempt to induce the disease, using ҮҢегей nasal secretions 
injected into healthy human subjects, met with failure in the 
hands of Rosenau(19) and MeCoy (20) in experiments undertaken 
by the United States Public Health Service and the United States, 
‘Navy in 1919. 

From 1920 to 1923 Olitsky and Gates published a series of 
papers dealing with a filterable virus obtained from influenza 
‘cases. "These authors used filtered and unfiltered influenza = 
erections. Intratracheal inoculations were *made directly into 
the lung tissue of rabbits with unfiltered nasopharyngeal wash- 
ings, the filtered washings, lung-tissue suspensions (filtered and 

> unfiltered) from previously inoculated rahpits, and lung tissue 
which had been preserved in 50 per cent glycerin, The injections 

262402——17 * 
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were made into rabbits with an intratracheal cetheter, and about , 
3 cubic centimeters of material were administered at-each injec- 
tion. Within twenty-four to forty-eight hours following the 
inoculations the rabbits began to show symptoms. The first 
symptoms consisted of fever and general indisposition, A 
conjunctivitis and leukopenia then developed. Except in com- 
plicated cases the rabbits recovered after about three day: 
Clinical and pathological effects were produced in series through 
fifteen rabbits inoculated with ground lung tissue from a rabbit 
previously infected. Glycerinated material from one rabbit was 
passed through a series of ten rabbits, producing typical symp- 
toms of the disease ja all. The infectious agent described ву 
Olitsky and Gates is filterable through both Berkefeld V aud N 
candles. 

When infected animals were killed during the period of illness 
these authors found that the lungs were enlarged and edematous, 
and in some cases hemorrhagic. Hemorrhagic foci and alveolar 
exudate were found on microscopic examination. 

Later Olitsky and Gates were able to cultivate from the fil- 
tercd washings taken from influenza patients a minute bacilloid 
body which they have designated Bacterium pnenmosintes. 
They bave also isolated this organism from the lungs of in- 
fected rabbits, This organism is a minute Gram-negative, an- 
aürobic bacillus-like body which is casily cultivated, but which 
loses its virulence rapidly under artificial cultivation, The mi- 
erobe appears larger after prolonged cultivations, but cultures 
are still obtained from filtrates. 

1а summing up a discussion on the etiology of influenza in a 
paper on the etiology and epidemiology of influenza (1922) Zins- 
scr (21) states: г » 

This leaves the entire subject in a very unsatisfactory con The 
temptation to draw definite conclusions from material of this kind is 
ciways a strong ene. But to profess certainty when available evidence 
does not justify definite conclusions is as serious an error as to put forth 
inconclusive experimental work, and would serve merely to mask the 
iruth.—The problem of influenza etiology will not, in our opinion, be 
solved at times when influenza cpidemics are in full swing or in their 
secondary or tertiary waves, Solution will come from laboratories that 
are prepared to pounce upon the opportunity when epidemies are in their 
adolescence. 

MacCallsm (22) writing in 1926 states: 

Аз to influenza, the efforts of almost all the workers in the world falied 
to discover the etiological factor when the most gigantic material was 
offered but the impression became general that the bacillus of Pfeiffer 
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^ сокла claim тиц more than the röle of a secondary invader and that 
there must е а flterabie virus although no one could demonstrate it. 
> The work of Olitsky and Gates on Bacillus prewmosintes, a filterable bac- 
terium, is extremely interesting but does not convince one at once that 
in that organism the cause of the epidemic is found. No one has actually 
reproduced the азе in characteristic form in spite of many efforts and 
it remains an unsolved problem. 

Incubation period of influenza.—The incubation period of in- 
fluenza is usually considered as ranging from two to four days, 
In some cases it may be only a matter of a few hours and in others 
more prolonged. 

„Symptoms and clinical course of inflteyza.—The onset of in- 

fiuegza is practically always abrupt, The first symptom in many 

tases is headache. In some nausea is the first manifestation. 
The temperature begins to rise quickly and the patient feels chilly. 
Pains in the limbs, back, head, and burning in the cyeballs come 
on almost immediately and are quite marked. The tempera- 
ture as а rule does not exceed 102 or 103° F. Іп some cases there 
is sorc throat, catarrh, and coughing. Usuaily there is no rash, 
but slight indefinite rashes have Бесп described as occurring in 
certain eases, The mortality in influenza is due chiefiy to the 
respiratory complications since influenza itself is practically 
never fatal. It is believed that complications are due to second- 
ary invaders and not to a specific etiologic agent of the disease. 
Early in the course of the disease there is a moderate leucocy- 
tosis and in some cases a relative lymphocytosis, but later 
there is a leukopenia, In some epidemics intestinal symptoms 
are more marked than in others. In 1889 the epidemic of in- 

. fluenza was characterized as a "nervous form" of the disease, 

У > During the World War the writer was stationed with the 42d 
> Division in the Baccarat sector during what might be termed a 

comparatively mild epidemic of influenza. The symptoms were 

mostly respiratory, the disease of short duration, and many men 

» stood by their posts throughout their illness. The relative im- 

munity of the soldiers of the American Expeditionary Forces 
over that of the soldicrs in the United States has been com- 
mented on above. 

* Animals susceptible to the virus of influenza. Мап is thi na- 
tural host for this virus. Typical experimental influenza is very 
difficult to produce in laboratory animals, and in spite of frequent 

» reports to the contrary, one questions whether typica} influenza 
as dt occurs in man has ever been produced in monkeys, rabbits, 

+ guinea pigs, or other Jaboratory animals. At present the ques- 

» tion cannot be answered definitely. 


> 
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Immunity —There seems to be a general agreement that one 
attack of influenza confers a definite immunity, Vaughan (War- 
ren) (23) in 1921 reported the results of a survey in Boston carried 
out during the outbreak of the disease іп 1918-19. Of 2,117 
families (10,000 individuals) 45 per cent had one or more persons 
attacked by influenza. During 1920, 14 рег cent had had cases 
of influenza during the preceding epidemic, 58 per cent of the 
families has cases in either one or both epidemics, and 42 per 
cent of all families gave no history of influenza in either epidemic. 
In less than 8 per cent of 1,236 families every member of the 
family wes attacked. This indicates that there is a natural 
immunity to the virus? An attack of influenza in the spring or 
1918 according to Vaughan protected against a subsequent attack 
in the autumn, Also as has been pointed out before, the sea- 
soned soldiers in France possessed more immunity to influenza 
than the unseasoned soldier at home since the American Ex- 
peditionary Forces soldier had passed through camps where 
influenza was prevalent and had escaped infection or had con- 
tracted a mild form of disease and had recovered. Just how long 
immunity to the influenza virus remains is unknown, but it is 
believed to last not much longer than one year. 

During the World War various vaccines consisting of Pfeif- 
fer's bacillus, pneumocacei, streptococci, ete., were used for the 
purpose of preventing influenza and pneumonia. Jordan(24) 
states in reference to this question: “Protection against influenza 
by vaccine inoculation is evidently a broken reed on which to 
lean.” Пе has published an excellent summary of its use during 
the last great epidemic. In general the results are conflicting 
and not at all promisin, 

Prevention—Isolation is possible in influenza but during the 
war it was definitely shown that this expedient is impracticable 
for this disease. This is true especially during great epidemics, 
үл the household or small hospital isolation may be practiced and 
may prevent further spread of the infection. Quarantine was 
practiced in several army units during the epidemic of 1918 as 
well as in civil communities, and while the spread of the disease 
was delayed the disease eventually spread over such barriers. 
Masks to be worn over the lower part of the face to prevent the 
spread of secretions from the respiratory tract have been em- 
ployed without demonstrable effect. Complications вест to Бе 
increased in hospitalized cases, and in general this measure does 
not lessen the morbidity or mortality of the disease. Closing of 
schools has not led to a reduction in the number of cases of the 
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disease nor hjsYhe use of nose and throat sprays and gargies, 
Perhaps the only measure which has any effect in preventing 
the spread of influenza is the avoidance of crowded places such 
as, theatres, churches, etc, during an epidemic. Undoubtedly 
large gatherings of people contribute not a little to the spread of 
this disease. General hygienic measures are of course indicated 
as in the case of any other communicable disease. 
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CHAPTER X 
THE RICKETTSIA DISEASES OF МАМ AND ANIMALS 


In 1916 da Rocha-Lima(1) designated a group of peculiar mi- 
eroórganisms found in lice by the term “Rickettsia” in honor 
of Howard Taylor Ricketts who first described organisms of 
this type in connection with his studies upon typhus fever. 
Both Ricketts and Prowazek fell victims to this malady in the - 
course of their experimental work. Ricketts and Wilder (2) 
published a brief review of their work in 1910. WI 
was never permitted io render a complete report on his vaiu- 
able work due to his untimely death, there is little doubt from 
the meager data available that he actually saw and described 
the peculiar group of mícroürganiísms which we now designate 
Rickettsia, 

In the blood of typhus-fever patients taken on the seventh 
to the twelfth day of the disease Ricketts and Wilder found 
short bacilli resembling the hemorrhagic septicemia group of 
organisms. These organisms were stained by Giemsa's method. 
Their length was estimated as about 2 micromillimeters and 
their diameter at about one-third of this figure. On close exam- 
ination a faintly stained bar was seen to extend across the 
middle. Organisms were occasionally seen end to end. There 
were also observed in these preparations stained granules that 
were thought by Ricketts to be degeneration or involution forms 
of the organism. Some of the larger granules or “small rods” 
stained deep purple, while the smaller ones were rolored blue. ` 
The БасШагу bodies were not motile but were observed to 
vibrate more or less rapidly. These authors also examined the 
ejecta of lice for the presence of these organisms, They stale 

Streptococci, stuphylococei, and oval bacilli occurring in clusters, and 
certain solid bucilli are encountered irregularly and indifferently in the 
feces and intestinal contents of both “normal” and “infected” (lice which 
were fed on typhus fever patients) lice. Polar staining orgat " bh. 
been found occasionally in the feces and intestinal contents of normal lice, 
whereas they are present almost constantly, and often in large numbers, 
in similar material from "infected" individuals. 

Gavino and Gerard(3) during the same year also described 
bacilliform bodies and bipolar bodies free in the blood plasma 
of typhus cases. Hegler and Prowazek(4 in 1913 described 
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^ from several 9 of typhus fever certain paired granules in 
» meutrophilie leucocytes that they believed to be microórganisms. 
Also in one instance these authors found a small coccuslike 
double organism in a smear from а louse fed upon typhus cases, 
The first definite work associating rickettsia and typhus was 
that of da Rocha Lima in 1916. This author found these or- 
ganisms in sections of lice which were fed on typhus cases 
but was unable to demonstrate their presence in normal Нее. 
These bodies were present within the epithelial cells of the 
„Suse's stomach, and there was some evidence that the cells 
~ were damaged by the presence of the gtganism. Da Rocha 
Lira described these bodies as organisms consisting of two 
substances, one staining faintly with Giemsa's and the other 
taking а deep stain at the poles, Under the dark field these 
bodies resembled paired granules. Da Rocha Lima states that 
the single granules measure 0.3 by 0.4 micron, while the double 
granules or rods measure 0.3 by 0.9 micron. He designated 
these organisms Rickettsia prowazeki in honor of Prowazek. 

These results were soon confirmed by КбИег,(5) Töpfer and 
Schiissler, (6) and by Otto and Dietrich.(7) The latter also de- 
scribed threadlike forms of rickettsie im recently infected lice, 
In 1916 Topfer(s) described rickettsim in lice in association 
with trench fever and this work was soon confirmed by Munk 
and da Rocha Lima,(8) although these authors denied its rela- 
tionship to the discase and denied its pathogenic properties. 
These authors suggested the name Rickettsia pediculi for this 
organism. Brumpt(9) in 1918 and Strong(10) in 1919 opposed 
+. the idea that these rickettsia: were pathogenic. Both fed lice 
* ^ containing Rickettsia pediculi upon healthy persons without 
producing any ill effects. By this time it was known that some 
rickettsie are pathogenic while others are not, and it had been 
shown that some rickettsia are intracellular while others are 
+ ‘extracellular. In 1909 Ricketts(2) described “bodies” which hè 
found in the blood of human and experimental cases of Rocky 
Mountain spotted fever and also in the tissues and egrs of 
* infected ticks. Wolbach(1i) in 1919 definitely associated these 
organisms with ricketisie. In 1923 Sellarás (12) cultivated'from 
а monkey infected with tsutsugamushi fever an organism which 
he believes resembles rickettsia, In 1925 Cowdry (13) described s 

> — Rigkettsia ruminantium, of heartwater disease of seep, goats, 

ала cattle, while in 1928 Sellards and Sfler(24) presented evi- 

* dence to show that dengue fever may also be caused by an 
> organism of this type. 
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‘That certain rickettsis are pathogenic while others are non- | 
pathogenie is now a well-established fact. Rickeitsie, both 
pathogenic and nonpathogenic, have been found in a variety 
of insects. The diseases for which ctiological agents of this 
type have been established are as follows: Typhus fever, 
Rickettsia prowazeki; Rocky Mountain spotted fever, Derma- 
сеттожениз rickettsi; heartwater, or veldt sickness, Rickettsia 
ruminantium; and possibly in trench fever, Rickettsia рейсы; 
tsutsugamushi fever, Rickettsia nipponica, and dengue fever (un- 
named). The latter have not as yet been definitely established, 

In addition to the pathogenic rickettsite mentioned a number 
of organisms that also appear to be of this type have rocen 
described and apparently are unrelated to disease processes. 
To Table 9, from Wolbach, Todd, and Palfrey, we have added 
а few rickettsie that have been described since 1920. 

It will be noted in Table 9 that a surprisingly large number 
of rickettsia have been described since the early work of Ricketts 
in 1909. According to Hertig and Wolbach, over forty rickett- 
sia-like organisms have been reported. Authorities differ upon 
the nature of these "bodies," and even though several of them 
have been the subject of much study we are unable to state 
just what is their exact nature. Woodcock believes that these 
"bodies" represent granules which result from disintegration 
or lysis of red blood corpuscles or other cells. Others believe 
that rickettsiæ represent actual microürganisms. It is quite 
possible that certain granules resulting from the disintegration 
of red blood cells and other cells may resemble closely the so- 
called ricketisim, and the true rickettsia may in reality be mi- 
сгођіс in nature. Cowdry(15) defines rickettsie as including 
Gram-negative, intraceliular, bacterium-like organisms. Wheth- 
er or not they are bacteria cannot be definitely asserted, 
‘There is, however, little evidence to favor the theory of their 
being Protozoa. In connection with the classification of the 
rickettsie with the filterable viruses Cowdry(16) states that 
“Very obviously the rickettsi, which have been sometimes 
included in this category, belong elsewhere," However, even 
though as a group the rickettsia present characteristics that 
are common to each other and permit their specific group classi- 
fication, there still remains the possibility that some of these 
organisms may be fiterable. The Trench Fever Commission 
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ated, аз опе of their conclusions 
a from the Study of this disea: 


se, that "The organism causing 


TABLE 0.— Rickettsie and their insect hosts" 
Insecta. 


Mallophaga. 
Melophagus ovina (sheep “louse” ог “tiek”), 


Rickettsia metophagi Müller (1917). 
Corrodentia, 


Рзосиз sp.? (dust louse}. 


А Unnamed rickettsia Sikora (1918). 
~ Hemiptera. 


Pedicutus humanus (human louse, > 
Rickettsia prowazeki Wepler and Prowazek (1914); da Rocha 
Lima (1916). 
Ricketteia (rocha-lima?} Weigi (1998). 
Rickettsia pedicuti Munk and da Rocha Lima (1917). 


Rickettsia quintana Munk and da Rocha Lima (1917): 
Schmincke (1917). 
Rickettsia wolkynica Toepfer (1916). 
. Chmex (Aeentbia) lectxlarivs (bedbug). 
Rickettsia lectularius Bacot (1921). 


Diptera. 
Culex pipiens (mosquito, Europe). 
Unnamed rickettsia Nöller (1920), 
Aédes eoupti (mosquito, Philippines, ete.). 
Unnamed rickettsia Sellards ond Siler (1928). 
Siphonaptera. 
Ctenocephalus felis (eat flea), 
Rickettsia ctenocephali Sikora (1918). 
Ctenopsylla musculi (mouse fea). 
Unnamed rickettsia Sikora (1918). 
= Асага, 
> Dermacentor уепизбив (wood tiek, United States). 
Dermacentroxenun rickettsi Ricketts (1909); Wolbach (1919). 
Lentus (Trombidium) akamushi (harvest mite, Japan}. 
Unverified quotation by Sikora (1920) 
5% Rickettsin nipponica Sellards (1983); N 
Dermanyssus sp.? (bird mite, Europe). 
‘Unnamed Köler (1920). 
Arnbiyomma hebracem (vont tick). 
Rickettsia ruminantium Cowdry (1925). 


vy Arachni 


‘Mingle, Parasitology 13 Же, 2 (Өд) 102, has reported, without devetpion, the есе 
intence of tiekettsie in ee of the bone, Trichodectes pilosus, abd of the воза, Livonathes 
измени, To these псе rickettsia he bes given the vas Арка АН 
Rickettsia торта, vesgeteivelg. Y 
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the disease is a resistant, filtrable virus." ‘The members of ' 
this commission were unable to produce trench fever with fil- 
trates prepared from infected blood but were successful in three 
of five instances with filtrates prepared from infected urine 
and fæces. They state: "The virus causing trench fever, there- 
fore, is evidently filterable at one stage at least of its life 
cycle, and in this respect it resembles the viruses of typhus, and 
of phlebotomus, and dengue fevers, to ali of which diseases 
trench fever bears some analogy.” Furthermore, these authors 
found that the virus of trench fever is not to be found within 
the epithelial cells of; the gut of the louse but is present іп th: 
lumen and consequently in the dejecta, In typhus fever the 
virus is found within the epithelial cells of the gut of the Jouse 
and can be regarded as an intracellular organism. 

In general we may say that the rickettsim represent a com- 
paratively new group of organisms and should be classified as 
a special group of microürganisms, at least for the time being. 
They should be defined ag Gram-negative, bacterium-like or- 
ganisms, some of which are intracellular and some of which are 
extracellular, some of which may be filterable, and “most of 
which are apparently nonfilterable, and some of which are pa- 
thogenic and related to specific disease processes, while others 
are harmless. 
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TYPHUS FEVER 


Typhus fever is an acute self-limited, specific, 
ase caused by Rickettsia prowazeki, and is trans- 
mitted to man through the agency of lice. 

History and distribution. — Typhus fever is thought to havc 
exiXed in the time of Hippocrates. IL is a matter of record 
that this disease was confused with typhoid fever until early 
in the nineteenth century. Before that time typhus fever was 
rampant in several parts of the world and large epidemics of 
typhoid fever were practically unknown, During the nineteenth 
century typhus fever began to decrease while great epidemics 
of, typhoid fever became common, With the beginning of the 
World War typhus fever again appeared in epidemie propor- 
tions in ‘Russia, Serbia, Poland, Germany, Bulgaria, and parts 
of Mexico. Typhus fever according to its history has always 
been associated with poverty, famine, vermin infestation, and 
pestilence of war. This was true during the Thirty Years’ War 
and again during the last World War. It has been estimated 
that of one hundred seventy-five thousand British seamen in serv- 
ice during the Revolutionary War over eighteen thousand died of 
this disease. In Mexico typhus fever has long been endemic, at 


yu, Himes assuming epidemic proportions. It is still present in that 


> 


' pountry. It has been estimated that nearly one hundred fifty 
thousand people died of this disease in Serbia during 1915, In 
the United States the disease has never become epidemic. There 
was a small outbreak of the disease in Philadelphia in 1883 and 

' ‘one in New York in 1891. Since 2900 there have been a few 
cases reported in different years, the greatest number being 
thirty-five reported in 1916. Most of these cases have proved 

"to be among recently arrived immigrants from Europe. 

At the present time typhus fever exists in Europe, ‘Asia, 
Africa, and America. It is commonest in Russia, the Bal 
kans, Poland, Ireland, Galicia, Mexico, and Spain. In America 
it was formerly known as Brill's disease, | * 

The virus.—The rickettsie are small, bacterium-like bodies, 
and in thc opinion of some investigators they may be related 
to the protozoans. These organisms are transmittad to man by 
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various insects. They stain best with Giemia's or Romanow- 
ski’s stain and are found in clusters or pairs within the intes- 
tinal celis of the louse in typhus fever. Similar organisms аге 
found in the intestinal cells of Dermacentor anders 

tick which transmits Rocky Mountain spotted fever to man. In 
trench fever, another disease which шау be due to a similar 
organism, the virus is apparently extracellular. 

The rickettsia causing typhus fever is found in the circulat- 
ing blood of cases of this disease but does not pass through the 
pores of a Berkefeld filter. The organisms do not grow on 
artificial culture гаса, but are cultivable in tissue culture 
They are killed by heating to 55° C. for fifteen minutes Баб 
are not destroyed by freezing. Da Rocha Lima() described 
this organism as the cause of typhus fever in 1919 and named 
it after Ricketts and Prowazek. ‘This agent is now thought to 
be the true etiologic cause of the disease, 

In 1920 the Report of the Typhus Fever Research Commission 
of the League of Red Cross Socictics to Poland was published. (2) 
This commission made extensive investigations upon the etiology 
and transmission of the disease. It will be recalled that Brumpt 
and Strong were able to demonstrate rickettsim in lice from 
presumably disease-free persons, and were unable to infect per- 
sons with such rickettsia-infected lice, These control experi- 
ments were based wholly upon the examination of smear pre- 
parations. Munk and da Rocha Lima pointed out that there 
were two types of rickettsia in lice, one extracellular, which 
multiplies in the lumen of the gut, and the other intracellular, 
associated with typhus which multiplies within the epithelial 
cells. The latter was named Rickettsia prowozeki while the 
former was designated Rickettsia pediculi. The'Typhus Fever 
Research Commission states— 


In no control work has it been shown that intracellular rickettsia 
осезт in lice from a certainly typhus free population, although both da 
Rocha-Lima and Toepfer state that very rarely Rickettsia pediculi may 
invade the cells. We, in view of the heavy typhus infestation of the 
countries in which this work was done, and our failure to find intracellular 
rickettsia im the controlled Rritish stock lice fed vpon Mr. Recot during 
his пева with trench fever, regard these observations as open to strong 
doubt. Twenty-six lice of the British stock fed upon Mr. Басов during 
bis illness were studied in section. Seventeen contained extracellul-r 
rickettsia, Mine were negative, In поле did we find intracellular rick- 
«сја, On the other haid, since the association of rickettsia with treach 
fever has been given etiological significance by "Toepfer (1916), Munk and 


“ 
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da Rocha-Lima (197), Arkwright end Bacot (1919), (2) Bram (1019), 
44) and singe tle rickettsi observed by these authors are of the ex- 
» tracelluiar proliferating type and indistingvishable from Rickettsia pedi 
сий of da Rocba-Lima, the question of deciding the specificity of rickettsia 
for trench fever is a most difficult one, The query is: are Rickettsia 

Quintana (wolhynica) und Rickettoia pediculi identical? If so, ia this 

rickettsia the cause of trench fever? 

The commission believes that there is strong presumptive 
evidence for this conclusion, 

According to the Typhus Fever Commission Rickettsia pro- 
wazeki ranges in size from 0.25 by 0.45 micron to 03 by 1.4 

`s microns, These measurements correspond closely to those which 
haw been given by da Rocha Lima for these organisms. The 
cominission states: 

Та ali smears, in addition to the small forms deseribed above we have 
noted the presence of small numbers of slightly coccoid paired bodies, xame. 
what lanceolate in shapo and devoid of bluish staining intermediate sub- 

+ stance. These forms can be recognized in sections of lice ond are the 
forms most easily demonstrable in human tissues, 

‘The commission also found that the delicate filamentous forms 
appeared only in lice fed upon typhus patients and never in 

* > control lice, These forms were definitely accepted as Rikettsia 
prowazeki, 

Sikora(5) in 1920 reported the presence of rickettsia in the 
salivary gland, but these findings were not confirmed by the 
Typhus Fever Commission, The commission inoculated a series 
of twelve guinea pigs with faeces heavily infected with Rickettsia 
prowazeki, and concluded from the temperature reactions that 
in five instances the animals contracted typhus fever. Infection 

У + in guinea pigs was later confirmed by histologic examination. 
Da Rocha Lima (1919) had been unable to infect guinea pigs 
with louse fæces, although Nicolle, Blane, and Conseil) in 
1914 had reported successful infections in these animals. Strong 
sin 1918 showed that the virus of trench fever is not transmitted? 
by infective lice to their ova although a number of observers 
had described Rickettsia pedicuti as occurring in the ova. The 
‘Typhus Fever Commission found no rickettsia in smear prep- 
+ arations of ova, larvae, and nymphs from eight boxes which con- 
tained Исе infected with Rickettsia prowazeki. 

In 1912 Nicolle and Conor(7) reported that monkeys, Macacus 
rhesus, were resistant to typhus fever. This observation was 
coxfirmed by the Typhus Fever Commission, although they were 
+ able to produce a temperature reaction with the same material 
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used for the Macacus rhesus monkeys in die Cercopithicus 
(кайга 2). Two strains of typhus were maintaince in guinea 
pigs for a period of over a year, the virus being transmitted 
from guinea pig to guinea pig by intraperitoneal injection of 
heart’s blood. The virulence of the virus was unaffected by 
repeated passage. The commission made numerous attempts to 
cultivate the virus of typhus without success. In human tissues 
the virus was demonstrated in the blood vessels in the skin, 
brain, kidneys, muscles, and testes. In general the commission 
concludes that the criteria for the diagnosis of Rickettsia pro- 
wazeki are as follows: The size; morphology; their staining 
reactions which must correspond with those of Rickettsia 
wazeki in sections of lice; and their presence in vascular éndo- 
thelial cells in situ in relation to the lesions of typhus, 

Later Wolbach and Schlesinger(®) demonstrated that the 
virus of typhus survives in tissue-plasma cultures for a length of 
time corresponding to the life of the endothelial celis multiplying 
in the cultures, The microórganism can be found in the 
endothelial cells in large numbers. Also brain-tissue cultures 
from typhus guinea pigs have proved successful, Plasma from 
guinea-pig blood is collected in paraffin-lined tubes, centrifuged, 
and chilled. The tissue for cultivation is cut in blocks 0.5 to 1 
Cubic millimeter and is kept immersed in Ringer's solution, 
then transfered to a sterile cover slip, and covered with sterile 
plasma. In this way the virus may be kept alive from four to 
six weeks. 

Incubation period.—The incubation period in typhus fever 
varies between four and fourteen days, the average being twelve 
days. Tn guinea pigs the incubation period ranges from seven 
to ten days. 

Symptoms.—The period of onset lasts about two days. This 
period is characterized by nausea, headache, vertigo, ete. In 
‘some cases a gencral convulsion may occur and pass into deli- 
rium. The temperature usually rises suddenly on the third day 
to 103 ог 104° F. The face becomes congested and the eyes 
suffuscd. The tongue becomes coated and the breath foul. The 
facial expression beçomes dull and stuporous. Epistaxis and 
vomiting may occur. ‘The rash appears on the fifth day and 
s generally pleomorphic. It has been described by the term 

‘mulberry vash.” It first appears upon the Уәйотеп and inner 
aspects of the arm and later spreads over the chest, back, atid 
trunk. In some cases it may involve the soles of the feet and 


Й 


ER McKinley: Filterable Virus Diseases 271 
hands’ as well ad the face. It may persist for ten days and 
usually fades siowly. 

Complications аге common, especially in cases that are neg- 
lected. A terminal bronehopneumonia is common. Abortion, 
parofitis, and bedsores are frequent complications. 

In most cases the lethargy is pronounced. This is spoken of 
as the “typhus state.” Cerebration is slow, hands and tongue 
are tremulous, muscle twitchings may come on (cortical irrita- 
tion), and the patient may sink into a low muttering delirium, 
Secretion of urine may be diminished, suppressed, or there may 
~ be incontinence. Constipation rather than diarrhea is the 

ru There is а moderate leucocytoais tanging from 12,000 

to 18,000. The breath has been described as having the odor of 

gun washings, 

Animais susceptible to the virus of typkus—Man is the nat- 
ural host for the virus of typhus, the virus being transmitted 
from man to man through the agency of the louse Pediculus 
humanus var. corporis and capitis, The virus is pathogenic for 
chimpanzecs, lower monkeys, and the guinea pig, 

Immunity, —One attack of typhus fever confers a definite im- 
munity. Animals experimentally infected that recover ‘possess 
а well-defined immunity against Subsequent infection. Many 
guinea pigs are said to be naturally immune. This is also true . 
of some species of monkeys. 

In 1915 Weil and Felix isolated certain strains of the proteus 
group of bacteria from the stools and urine of typhus-fever 
patients which they designated X2 and X19. The scram of 
typhus-fever patients possesses the property of agglutinating 


." , these organisms, bui it has been demonstrated beyond doubt 


that B. proteys is not the cause of the disease. The reaction, 
however, is of diagnostic significance, especially since it appears 
usually before the sixth day of the disease. This reaetion has 
, been designated the “Weil-Felix” reaction. The serum when’ 
tested between the eighth and twenty-first days may have an 
agglutinating power of 1 : 2,500. 
+ Pathology.—The anatomical changes in typhus fever consist 
chiefly of lesions in the blood vessels. There is а perivascular 
infiltration of cells and a disintegration of the endothelium and 
proliferation causing thrombi and hemorrhages. Lesions of 
the blood vessels of the skin result in the characteristic macular 
and hemorrhagic cruption. Similar lesicns are also found in 
the brain from which result the symptoms related to the central 
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nervous system. Similar lesions are also found in the blood 
vessels of the kidneys, muscles, and testes. 

Prevention and control— Preventive and control measures 
should be directed toward the eradication of the body louse. 
Isolation and quarantine are of course indicated during epide- 
mics, The problem has a large social aspect which involves the 
education of the ignorant along hygienic lines and the better- 
ment of the economie status of the poorer classes who are most 
affected by this disease. Proper clothing and food are im- 
portant considerations in epidemics of this disease, and all 
articles of wearing apparel of affected persons should be cffec- 
tively sterilized as w&l as rooms which they occupy. Ashes 
has introduced a serum treatment in southern Russia which із 
said to mitigate the severity of the disease although it does not 
shorten its duration. The serum employed by Asheshov is ob- 
tained from convalescent potients. Мо satisfactory vaccine or 
Serum is available for protection, 
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TRENCH FEVER 2 


 Definition.— Trench fever is а specific infectious disease which 
“з caused by a filterable virus transmitted by the louse Pediculus 
humanus var. corporis. It is characterized by recurrent py- 
rexia, headache, vertigo, sweating, and polyuria. There is a 
slight leucocytosis at the heighth of the fever. 

History and distribution.—Trench fever first appeared in the 
British Expeditionary Force in 1915. In the beginning this 
disease was diagnosed P. U. O. (pyrexia of unknown origin). 
Later it became known as "trench fever.” During the remain- 
ing years of the Wor:d War the disease spread to the French, 
Italian, German, and Austrian armies, Some epidemiologists 
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have attempted tà indentify this disease with quintan fever, de- 


” scribed by Hippocrates, Galen, and others, but there is little in- 


formation upon which to base suck a conclusion. The report 
of the Trench Fever Commission of the American Red Cross 
Committee!) in 1918 asserts that "it may be stated that no 
other infectious disease during the past (wo years has occasioned 
во much sickness among the troops in France.” Grieveson (2) 
reported that trench fever formed 40 per cent of his hospital 
evacuation, and at one time 60 per cent of all cases of sickness. 
Further, this author stated that the morbidity rate of trench 


x, fever can be equalled only by such plagues as typhus, typhoid, 


du malaria, Muir(3) reported that within eight months there 
were three hundred fifty cases of trench fever sent to three 
field ambulances each month, 

The virus of trench fever.—From the researches of the Trench 
Fever Commission of the American Red Cross Research Com- 
mittec there seems to be little doubt that the causative agent of 
this discase is a filterable virus. The conclusions reached by 
this commission are quoted below: 


1, That, trench fever is a specific, infectious disease; that it is not a 
modified form of typhoid or paratyphoid fever, and is not related, from an 
etiological standpoint, to these diseases, 

2. That the organism causing the disease із a resistant fiterable virus, 

3. That the virus causing trench fever is present Particularly in the 
Plasma of the blood of trench fever cases, and that such plasma will 
produce the disease on inoculation into healthy individuals. 

4. That the disease is transmitted naturally by the louse Pediculus 
humanus, Linn, vur, corporiz, and that this is the important and com- 
mon means of transmission. That that louse may transmit the disease 
by ite bite the usually manner of infection, or the disease may be 

* produced artificially by scarifying the skin andyrubbing in a small amount 
$f the infected (розе excrement. 

5. That a man may be entirely free from lice at the time he develops 
trench fever, the louse that infected him having left him sometime pre- 
viously as its host, and that the Iouse need only remain upon (һе individual, 
"for а short period of time in order to {а{ссї him. 

$. That the virus of trench fever is also sometimes present in the 
urine of trench fever cases, amd occasionally im the sputum, and that the 

але may be produced in man by the introduction of the virus in 
the urine or sputum through the scarified or otherwise abraded skin, 

7. That since the urine and sometimes the sputum of trench fever pa- 
tients are infective, these should be sterilized im order to avoid the pos- 
sthility of accidental infection from them. 

8, That in order to'prevent trench fever or limit its spread, and thus 
sax man-power for the armies, greater effort must be made to keep sol 
dicrs in general from infestation with lice. 

202402 —18 . 
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The British Investigation Committee) found that lice re- 
main infective for at least twenty-three days ater feeding on 
the infected patients. Probable infection is brought about by 
rubbing and scratching the skin upon which is deposited the 
Jouse and its excreta. 

The Trench Fever Commission inoculated thirty-four men 
either with blood or some constituent element of the blood, 
taken from trench-fever cases in the febril stages of the disease. 
The disease was induced in twenty-three of these cases. 
McNec(5) and his colleagues reported that the virus of trench 


fever was intracorpuscular and not free in the plasma or serum. „ 


The Trench Fever Cémmission, however, showed that the уб 
is present jn the fluid part of the blood, and is not contained 
within the blood corpuscles themselves. No evidence that the 
virus is filterable was obtained by the commission from five 
experiments performed with filtered plasma, and one with fil- 
tered serum. However, а typical attack of the disease was 
produced with filtrates prepared from the sediments of in- 
fected urines. Also the disease was produced in two out of 
three instances with filtered material prepared from tke ехсге- 
ment of infected lice. The commission states: “Therefore, these 
three positive experiments demonstrate that at least one stage 
of development of the virus of trench fever is filterable and ul- 
tramicroscopic."" 

The commission also demonstrated that the virus of trench 
fever resists a temperature of 60°C. moist heat for thirty 
minutes but is destroyed at 70° C. moist heat when exposed for 
the same length of time. 

As has been true in many other diseases of obscure ctiology 
8 large variety of etiological agents have been suggested as the 
cause of trench fever. McNee, Brunt, and Renshaw suggested 
the intracorpuseular nature of the causative agent of this discase 
‘but did not favor the theory that it is ultramieroscopie. Hous- 
ton and McCloy(6) suggested the enterococcus as the causative 
factor. These authors succecded in isolating this organism 
from the blood of three cases of trench fever, from the urine 
of three, and from the sputum of one. Sundell and Nankivell,(7) 
however, were unable to isolate this organism from the blood 
of cases having this disease, Dimond(9) described a protozoan. 
а hemogrecarine, resembling Hamogregarina gracilis found by 
Wenyon in a lizard host. This organism is said to have becn 
found in twelve cases from the venous blood and in material 
obtained by splenic and liver puncture. These results have not 
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^ been’ confirmed! Henry(9) described а flagellate similar to the 


Organism ‘described by Dimond. Pappenheimer, Vermilye, and 
Maller(10) described а small, circular, siightly oval, bluish purple 
body lying among the blood cells and free in the plasma, although 
these authors later decided that these bodics were not related 
to the disease in an ctiological way. Sundell and Nankivell (1) 
described а spirochæte which they found in the urine of cases of 
trench fever, an observation that was confirmed by Patter- 
son(2) and by Stoddard.(13) 

His(17) described diplocoeci and short rods free in thc plasma 
and in the red celis in the blood of Wolhynian fever. Similar 
bedies were found also in guinea pigs that were inoculated with 
blood from cases of trench fever. Those bodies stained at the 
Poles. Such organisms were also described by Zollenkopf,(18) 
Brasch,(19) Jungmann and Kuczynski,(20) and others. Jung- 
mann and Kuczynski believed that these bodies belong to the 
"Chiamydozoa and are similar to Rickettsia prowozeki of ty- 
phus fever. The same bodies were found in the intestines of 
lice fed upon their cases. Da Rocha Lima(2i) and Brumpt, (22) 
however, have found similar bodies in the intestines of normal 
lice fed upon healthy individuals, and such lice when fed upon 
other healthy individuals produce no disease. The thought per- 
sisted, however, that trench fever is caused by Rickettsia pedi- 
culi, Investigations by Toepfer,(22) Munk and да Rocha 
lima, (24) Arkwright and Racot,(25) and Byam(26) indicate that 
trench fever is caused by a rickettsix. Toepfer found rickettsia. 
like organisms in association with Wolhynian fever and de 
scribed diplobacillary and diplococeoid bodies in the blood of 

', trench-fever patients, In another paper he reported the pres- 
ence of thea2 bodies in lice fed upon trench-fever cases. Munk 
and da Rocha Lima also found rickettsim in lice from trench- 
fever cases, but these authors were unable to prove their relation 

> to the disease since these bodies were found in Нее fed оп nor- 
mal people. Similar results have been reported by Arkwright 
and Bacot, and the question of deciding the specificity of ricket- 

У tsia for trench fever is difficult, Byam states: 

"Tn fifty-three experimental inoculations of volunteers at the New End 
Hospital, the tice or cxereta of lice, used as virus, were examined mi- 
sroscopically. In every case the lice had previously been fed on a trench 
fever case. Twentydeven specimens showed rickettsia irs und caused 
tyénch fever. Ten specimens did not show not cause 
trench fever. One specimen showed rickettsia, bot did not cause trench 
fever. Two specimens Wid not show rickettsia bodies, but caused trench 
fever.» Four were doubtful. е specimens showed rickettsia bodies, 
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but did not cause trench fever because the viros had ‘been destroyed by 
heat or disinfectant. ы 

‘This author concludes, “The constant presence, after a suitable lapse of 
time, of rickettsia bodies in lice which have fed on a trench fever patient 
bas been confirmed. The absence of rickettsia bodies from lice bred in 
captivity, and fed only on healthy men, has been showa by our wor 

The Trench Fever Commission of the American Red Cross 
Research Committce concludes that no visible organism is de- 
monstrable, and that the virus is filterable and should be clas- 
sified as a resistant filterable agent, . They point out that the 
difficuities encountered in filtration of the trench-fever virus 


are common to manycother fillerable viruses and this alone” ^ 


should not mitigate against the fillerable virus etiology of this 
disease. Also the resistance of the virus to heat is characteristic 
of other viruses that are accepted as filterable agents, 

While some believe that the cause of trench fever is а rickett- 
sia decision must at present be held in abeyance. Rickettsia, 
pediculi is found in the intestina! lumen of the louse and not in 
the epithelial cells as in the case of the rickettsiæ of typhus 
fever and Rocky Mountain spotted fever. From a survey of 
the literature hearing upon this subject we are inclined to the 
view that Rickettsia pediculi may be nonpathogenic and as such 
is not related in an etiological way to trench fever. For the 
present, at least, we must think of trench fever as a virus dis- 
ease and leave future investigations to decide the exact nature 
of the causative agent. 

Incubation period.—The incubation period in trench fever is 
extremely variable. In artificially induced infections the in- 
cubation period has varied from five to thirty days. In general 
it ranges from fourteen ‘to thirty days. 2. 

Symptoms.—There are prodromal symptoms consisting of 
headache, pain in the limbs, fever, ete., during the incubation 
period. The discase comes on suddenly and is characterized by 
headache, dizziness, pains in the legs, back, and behind the еуе- 
balls, injection of the conjunctive, and a sharp rise in tem- 
perature to 103 or 104° Е. The fever is of a relapsing character 
іп most cases, In the great majority of cases, 70 to 80 per 
cent, an erythematous rash develops over the chest, back, and 
abdomen. In some cases the rash is papular, The rash usually, 
disappears within twenty-four hours. Ususly the erythema- 
tous spots appear early-in the course of the disease. The urine 
may show albumin. The leucocytic count is not constant. 


2 
ЕСЕ 


Pvt. J. McNish. 


®, mitted Feb If, 1919. Onset midden, Feb. rb, at 3 pme 1a the mons 
diary after daner ө little weak, вади, backache, and рыл о pper par of tagha. Тыш. 
ТЕМ darrboes daring the day, but nane today, Last night стт таш vl ie ада 
ыт ча dryness of tbe тм woth torne shett trovi ım куйме Ths moming be оше, 
temperature 103° Fr Pains connue: prortration меи to be mote marked. Fhvteal ыы 
lion 3 Тот» entuged, not red no exudate; alight tenders lee de of nad. funt onder 
angle of the jow. укта palpable, heare and langs ропе. Eight supra oriat bodoran 
агы tenders in ће ambar regions and in the upper outer side of ыра К} i 
ramach barter today ond ıs hungry. Fel 13, Not wo comlorable as усас, The pain 
Тете маме өре continues, Fuh 17. There поль елтнтн and High ШЧ 
in lower right abdomen, Feb, 18. Had a very good night, Iree ow pain today иы 
rss in the tack eontioues, Feb, £1. Heron a shght pain in the bak Ми Зо И 
Bd no farther eympiome, Corvalescenee bus bren unerentlol except for some incre in ът 
action. and ght fever, Summary: Shor cour type of teach fever, followed by to Met 
febrile перас without гуш мом when patient got up. On Feb, Га the thd day of die, 
bis Mood was (галеты to No, 22 Schaefer] who develope long coime tronoh fever ater эп 
inevbation yatod ot ive days, Lice were lel on ЕХ then tromlerred to No TNCS] Abs 
Temaining ор Cody two daya they were tromfered to NO 14 (Lowell, oth of test subjects 
developed trench ‘ver alter a репой of twenty six and thirty days тер 


he felt a tie 


Fi. Cure of nene Sever. (After the Treneh Fever Report of Commission Medical 
Retearch Committee, American Hed Chat 


There may Ве a moderate leucocytosis or no rise at all. The 
fever is variable, It may persist for a week, then fail, or it 
may be intermittent in type. Trench-fever cases are prone to 
have relapses. Some cases may have six or seven relapses 
with periods of several weeks intervening between reiapses. 
in nearly every case there is an enlargement of the spleen, 
Usuaily the patient recovers within five to six weeks, but the 
disease may be prolonged over long periods of time. A certain 
percentage of patients pass into chronic il health that is mani- 
fested by nervous symptoms, mental depression, disordered зе. 
> 
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Lance-Corp. Holroyd, age 34. 


Admived Feb, 13, 1918. Perfectly well yesterday тотай 
a sudden onset, with pais in head, back, and ege, He vomited several titers, had э troublesome 
ough, amd wss kept awake most of lat night with pain and e» h There wat very marked 
rostrstion fom the time of onset. Syroptons continued; be reported sick, and was arut imme- 
ditelytothehospital. Physicatexstsinntion: Marked prorteation, Rushed facc, costed tongue, 
throat noras], heart overactive, pube Lungs: no dullness: fev sitilant ond sonorous 
sounds, expecially over left postenotly Vat relaxes on breathing, 
Spleen palpable. Tenderness: supraorbital, latar, thighs, knees, ond ің shins, — Feb 14, 
Had a resti night, with headache, backache, ond palas in che doge. Toere is some pain over the 
eset, ess coughing, appotite better, lungs clear, Tenderness: supraorbital, lumbar, over 
aplunic ates, over upper side ol thighs, very raketin the ebinsand kncea Ре, To, Is much 
betters bos very litle pain. Herpes bas appeared on dipa. Feb 18, Had a dofnite clinical 
lapse yesterday afternoon, but this morning P fling better. Заю 3. Hes had по further 
relopics very Keue pain. н convoleszence Баз been steady. Summary: Typical abort. 
cute type of trench lever. On Feb. 14, the thia day of discase, is blood wag transferred to 
Ко, 35 (Walker), who developed long course type ol trench fever with an incubation period of * 
five days, 


until 9 a.m, when there was 


Fra. б. Cave of trench fever. (After the Trench Fever Repon of Cormtais 
Rewarch Committee, Ateriean Med Crow) 


tion of the heart, ete. Trench fever is never fatal, and complete 
recovery is the гше. 

Animals susceptible to the virus of trench ferer—Man alone 
is affected by trench fever. Experimental work in animals with 
various viruses supposed to be the causative agent of this disease 
has been reported, but at present such work cannot be accepted 
as well authenticated or related to the true virus of trench fever. 

Immunity, —There szems little doubt that some immunity is 
Produced by one attack of trench fever. The exact degree of 
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е immunity, however, that is conferred is unknown. ‘The fact that 
+ Telapses arê so prone to occur in this disease indicates that the 
degree of immunity produced is not very great. 
Patkology.—There has been a great paucity of material with 
which to study the anatomical changes produced in trench fever. 
It is known, however, that the lesions arc largely vascular and 
similar to those in typhus fever and Rocky Mountain spotted 
fever, 
Control measures.—Prevention and control of trench fever із 
^. brought about by delousing, and the disinfection of urine, spu- 
tum, and other secretions of the patient that are infective. 
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ROCKY MOUNTAIN SPOTTED FEVER, 
BLACE FEVER; BLUE DISEASE 

Definition—Rocky Mountain spotted fever is a specie in- 
fectious disease supervening on the bite of a certain tick, Der- 
macentor andersoni, that is focalized on the western slope of 
the Bitter Root Valley in Montana. The disease is charac- 
terized, as is typhus fever, by a macular eruption which be- 
comes petechial. Increased irritability and hyperasthesia of 
the skin are common, the splecn is enlarged, the urine may con- 
tain albumin and casts, and catarrh of the respiratory tract is 
present throughout the course of the affection. с 

History and destribution.—Rocky Mountain fever is said to 
have existed along the Snake River in Idaho since 1873, In 
1889 Maxey() published what is thought to be the first de- 
serpition of the discase. It was not untH 1902 that any serious 
effort was made to study this affection. At (hat time Wilson 
and Chowning,(2) at the request of the State Board of Health 
of Montana, began an investigation of the disease in the Bitter 
Root Valley. As а result of their work it was learned that the 
disease occurs chiefly in the spring of the year, and these 
authors discovered that a tick was instrumental in spreading 
the infection. Wilson and Chowning believed that the disease 
was caused by 2 hæmatozoan related to Piroplasma and sug- 
gested the name “Piroplasmosis hominis” by which to desig- 
nate it. 

Rocky Mountain fever is most prevalent and fatal in the 
Bitter Root Valley, but the infection has spread over several 
states in the Rocky Mountain region, including Colorado, Idaho, 
Utah, Oregon, Nebraska, Montana, and Wyoming; and has been 
found in California, South Dakota, Washington, and British 

Columbia, In Idaho the disease is of а mild character, while in 
‘Montana its mortality has been as high as 90 per cent. About’ 
five hundred cases are reported each year, 

In 1906 Ricketts(3) confirmed the finding of Wilson and 
Chowning that the virus of Rocky Mountain fever is carried by 
а tick and further demonstrated that the particular tick involved 
is Dermacentor andersoni. Other ticks, Dermacentor modestus 
and D. marginatus, are also said to be capable of transmitting 
the infection. The disease may be transmitted from mam to 
monkeys and to guinea pigs. B 

The virus of Rocky Mountain fever—The virus of Rocky 
Mountain fever is transmitted to, man through the bitu of the 
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» tick Dermacentor andersoni. The infection may be transmitted 

» by the larva, the nymph, and both adult female and male ticks, 
Only the adult tick attacks man, but the disease is transmitted 
to animals such as the mountain goat, sheep, brown bear, coyote, 
badger, and wild cat, by the larve and nymphs. The virus ie 
also transmitted by heredity through the ticks to their larvae. 

Wolbach(4) first described the virus of Rocky Mountain fever, 
although Ricketts had previously described certain "bodies" 
present in the blood stream of human cases аз well as in the 
tissues and eggs of infected ticks. Wolbach described small 
bodies which stained with Giemsa's in the endothelial cells of 
the blood vessels. Thesc he also found in the testes of man, in 
experimentally infected guinea pigs, and in the bodies, salivary 
glands, and eggs of infected ticks. Lanceolate diplococcal or- 
ganisms were found in the circulating blood and in the endo- 
thelial cells. These bodies contain a chromatin-staining sub- 
stance. Also blue-staining rod-shaped forms were noted. This 
author has designated these organisms Dermaventroxenus rie- 
kettsi, Later Wolbach(5) in collaboration with Schlesinger 
succeed in cultivating these organisms in tissuc-plasma medium 
(see Typhus Fever). 

The virus of Rocky Mountain spotted fever is readily inocu- 
lated into man and can be passed to monkeys and guinea pigs, 
both of which exhibit a characteristic symptom; that is, scrotal 
inflammation and swelling. Under natural conditions com- 
paratively few ticks are infected, Ricketts found only one in 
two hundred nincty-six ticks. Ricketts explains the difference 


>, between the case mortality rate in Montana (case fatality of 90 


ә per cent) and in Idaho (case fatality of about 5 per cent) on the 
basis of thert being a particular species of tick capable of tran- 
smitting the infection in cach area. In Montana D. venustus is 
the vector, while in Idaho D. maturatus carries the infection, 
(Dermacentor venustus and D. andersoni refer to the same 
species.) 

‘The virus of Rocky Mountain spotted fever is not filterable. 
It is less bacterium-like than any of the rickettsia. Cross-im- 
munity experiments with the virus of typhus fever, according to 
Wolbach, Todd, and Palfrey,(6) show that guinea pigs that have 
"recovered from typhus fever do not react аз do normal guinea 
pigs to the virus of Rocky Mountain spotted fever. Typhus- 
fever-immune guinea pigs develop spotted fever, but they all 
show lengthened incubation periods and lower temperatures. 
"The raortality is also reduced about 50 per cent, , 
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The characteristic form of the virus is a short год, Which ~ 
occurs in pairs and clusters in the lesions of the bicod vessel: 
testicle, skin, and subcutancous tissues. It invades ali the tis- 
sues of the tick, and a rickettsia-like organism has been cultivated 
from the tick by Noguehi.(7) In man the virus is found chiefly 
in the smaller peripheral blood vessels and causes a proliferating 
endarteriti: 

Symploms.—The disease is ushered in by genera! malaise 
followed by chills. The temperature rises from the second to 
the fifth day from 103 to 105 or 107° F. Delirium and semi- 
unconsciousness develop. In favorable cases the temperature 
begins to fall by lysis by the end of the second week. Тһе 
eruption appears about the fourth to the seventh day. The 
eruption is macular in character and iater becomes petechial 
with a tendency to become confluent. Slight jaundice of the 
skin and sclere js also present. Gangrene of the fingers, toes, 
lobes of the cars, end skin of the clbows may occur in some cases. 
The spleen is enlarged and tender, the liver showing only slight 
enlargement. Urine is scanty, highly colored, and may contain 
albumin and casts, Nausea and vomiting usually occur in the 
second week and persist throughout in unfavorable cases. Res- 
piration and pulse are rapid. There is usually no increase іп 
leucocytes, but an increased number of mononuclear cells, Gan- 
grene of the tonsils, scrotum, and prepuce is commoner іп the 
mild form of the disease than in the highly fatal type. No ex- 
planation has been offered for this. Constipation rather than 
diarrhea is the rule. 

Тһе disease somewhat resembles typhoid fever but is easily 
differentiated from typhoid by its sudden onsct end a negative 
Widal reaction. 

Animals susceptible to the virus of Rocky Mountain fever.— 
In addition to man the following animals have been found to be 
hosts for the tick D, andersoni, D. maturatus, ete.: Monkeys, 
guinea pigs, rabbits, ground squirrels, woodchucks, goats, sheep, 
the brown bear, the coyote, badgers, and wild eats. Тһе virus 
of spotted fever has been transmitted to monkeys, guinea pigs, 
rabbits, ground squirzels, and woodchucks. 

Ininimity, Spotted fever attacks either sex, and at any age. 
One attack of the disease confers a high degree of immunity: 
Laboratory ‘wnimals are completely immune following an attack 
Of the disease. No case of a second attack іп тап has been 
reported. Blood serum from recovered cases possesses pro- 
tective properties for guinea pigs. Also the serum {гог} con- 
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valescent animals is protective. Noguchi(8) has been able to 
immunize dnimals with a mixture of convalescent serum and 
virus. Spencer and Parker(9) found that emulsions of infected 
ticks to which is added 0.5 per cent phenol, will Protect not 
only guinea pigs, rabbits, and monkeys against the virus of 
spotted fever, but there is good evidence that human beings can 
be immunized as well by this method. 

Pathology.—The anatomicai changes in spotted fever consist 
of a hypostatic congestion of the lungs, enlarged spleen and 
lymph glands, subserous petechie, fatty degeneration of the 
hepatic cells, congestion of the renal cortex, and hemorrhages 
into the genitalia. Gangrene of the scrotum and prepuce is fre- 
quently noted. There is a proliferation of the endothelium of 
the arteries and veins of the skin and subcutancous tissue, and 
а perivascular mononuclear infiltration. The rickettsia bodies 
аге found within the endothelial cells. 

Prevention and control.—Effort to prevent and control spotted 
fever should logically be directed toward tho eradication of the 
ticks that serve as carriers of the virus. Dipping and spray- 
ing of domestic animals have been recommended. ‘These to- 
gether with clearing of the land by burning, and cultivation of 
the tillable soii should do much in lowering the incidence of this 
disease. The protective vaccine of Spencer and Parker, if as 
efficacious as their early reports indicate, should be employed 
extensively for prophylaxis. 
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HEARTWATER: VELDT SICKNESS 


` Definition.—Heartwater, or veldt sickness, is an acute in- 
fection characterized by hydropericardium and an acute gas- 
troenteritis, presumably а rickettsia disease transmitted from 
affected animals to healthy animals by the tick Amblyomma 
hebraewn, 
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History.—Heartwater, according to Hutchgon,(1) first ap- 
peared in South Africa in 1860. This was about the time the, 
bont tick, Amblyomma hebracum, appeared іп the same locality. 
The disease has been studied experimentally by Hutcheon, t2) 
Edington,(3) Cowdry,(4) and others. Edington suceceded in 
transmitting heartwater to susceptible cattle by inoculating 
blood containing the virus; Lounsbury (5) transmitted the disease 
to sheep and goats, 

Distribution —Heartwater has buen limited to South Africa, 
but in 1918 the discase was reported in Angola and the Belgian 
Congo by Van Saceghem.(6) Тһе disease has not been reported 
in any other locality. 

incubation period of heartwater—The incubation period in 
heartwater is approximately fourtcen days in the natural in- 
fection by the tick, but is usually somewhat less when the disease 
ің induced artificially by inoculated blood. It may vary from 
five to fifteen days. 

Symptoms of the disease —The first sign of the disease is 
fever. This reaction is characteristic, the temperature rising 
abrupüy to 105° or more and remaining at this level for as 
long аз a week after which it may suddenly drop to subnormal 
before death. Theiler(7) believes that the symptoms can be 
explained only by the fact that the virus is present in the blood 
stream. Nervous symptoms such as muscular twitching, squint- 
ing, salivation, tetanic seizures, and galloping movements after 
the animal has fallen are said to occur occasionally. (Cowdry.) 
According to Theiler the mortality is over 50 per cent. 

Animals susceptible to the virus of heartwater.—The disease 
appears to be limited to sheep, goats, and cattle, No other 
species has been experimentally infected. х 

The virus of heartwater.—That the virus of heartwater is 
present in the circulating blood has been adequately demon- 
strated. According to Theiler(#) the virus is not füterabié ' 
through a Berkefeld or Chamberland filter. Cowdry, at the 
suggestion of Theiler, recently made a cytological study of the 
tissues of experimentally infected animals (goats) in order to 
test the hypothesis-that the disease is due to a rickettsia. Ac- 
cording to Cowdry's protocols the heartwater virus used in his 
experiments transmitted the disease to goats with great cón- 
stancy. “һе incubation period in the artificially induced -dis- 
базе was about ten days. Sheep and cattle were also used in 
some of the experiments. Cowdry was unable to demonstrate 
any organigms in the fresh blood from infected animals, though 


285 


,it was known that the blood was infective. However, in fixed 
tissues, at frst from the spicen and later from other organs, 
' peculiar Gram-negative cocci were demonstrated, These micro. 
organisms were found in the endothelia! cells of the capillaries 
of the renal glomeruli, and in the superficial gray matter of the 
cerebral cortex. Microórganisms were also found in the lymph 
> glands, corpus luteum, cerebellar cortex, suprarenals, mid-brain, 
meduila oblongata, ovaries, corpus striatum, salivary glands, 
Panereas, and heart muscle, The organisms were never demon- 
strated in either the liver or the lungs. After death the organ- 
isms remained іп the tissues for at least six hours. 

Cowdry states that the most characteristic lesion in the dis- 
ease is a marked swelling of the endothelial celle. In these cells 
the organisms may be found in great numbers. While isolated 
organisms were never observed, the clumps were always found 
to be surrounded by a halo of cytoplasm staining very lightly 

>» Or'not at all. In some cases the endothelial enlargements were 
found entirely blocking the lumina of the capillaries. 

‘These organisms are described by Cowdry as “uniform coceus- 
shaped bodies, 0.2 to 0.5 micra in diameter, as measured after 
fixation in Zenker's fluid or Rebaud's fluid and coloration by 
Giemsa’s stain, or by any basic anilline dye.” These bodies are 
clearly differentiated from the granules in granular leucocytes, 
from mitochondria, from the granules of mast cells, and from the 
products of the phagocytosis of hemoglobin. Cowdry believes 
the organism to be a typical endothelial parasite and has desig- 
nated it Rickettsia ruminantium since it is the first micro- 

‚ organisms resembling rickettsiz found associated with a disease 
of ruminants. In a second paper Cowdry has studied Rickettsia 
» — riminantium in the tick and found that— 
when lorvae, which had taken no food since hatching, were allowed to 
feed upon cases of heartwater, they acquired Rickettsiae which appeared 
э tọ be identical with those in the tissues of animals suffering from heart- 
water, whereas control larvae hatched from eggs deposited by the same 
female and fed om normal animals remained free of Rickettsiae. After 
larvae presumably infective had molted, the resultant nymphae contain- 
ink Rickettsiae in their alimentary tracts, when fed upon susceptible 
animals produced in them typical attacks of heartwnter, which the codtrol 
nymphae, devoid of Rickettsiae, failed to do. 
The tissues of the infected animals were found by this author 
» to contain typical rickettsia, thus presenting ihe final Argument 
‚ for the etiology of this discase. 
* Immunity in heartwgter.—One attack of the disease confers 
"immunity. Hyperimmunized cattle, sheep, and козі produce 
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ап effective serum for their respective species; but practical im- 
munization has not been established. The suppositien of Eding- 
ton that the disease is identical with horse sickness із consid- 
егей by Theiler as incorrect, as horse sickness can be transmitted 
artificially only to horses. (Hutyra and Marck.) 

Control measures for heartwater—Control measures for 
heartwater consist in prevention by the eradication of the tick 
that transmits the rickettsia, 
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TsUTSU 


USHI: JAPANESE FLOOD FEVER 


Defetition—Tsutsugamushi disease is а specific, infectious 
disease distributed along the course of the large rivers in Japan, 
and characterized by fever, chills, tenderness and swelling of 
the lymph glands, and a generalized cutaneous eruption. The 
disease is transmitted by a mite known locally as akamushi, 
‘This disease has been thought to be due to a filterable virus, and 
there is some evidence that it is caused by a rickettsia. 

History.—Tsutsugamushi” signifies "dangerous bug" and 
according to Каматага(1) it was spoken of in a Chinese medical 
book written in the Sei era, in the sixth century, as а “sand. 
louse.” In "Honso Komoku" Lishiting in the sixteenth century 
wrote 

The sand-louse is found along river banks during the sommer. It is 
tiny, not easily discerned as the tip of m hair, and red. If one walk 
along the river bunk, or through weeds, or bathe іп the water in tne 


morning of evening, after a rain, the mites will attach themselves to 
one’s skin and bore into it. It becomes reddened, and if one rub the 


| 
| 
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Feddenid area with the hand, there is а sharp pain, like the pricking 
of a needle. , Widhin three days all the Joints become painful, chilis and 
fever appear, and рох form where ihe skin was red. 

The disease was undoubtedly present in China in former times 
but is no longer found there. 

The disease was first described scientifically in 1878 by Bálz 
and Kawakami(2) who studied the disease in Japan and named 
it “river fever" or “flood fever" In 1908 the disease assumed. 
epidemic proportions in the eastern part of Formosa, and was 
definitely identified by Hatori(3) in 1914 as tsutsugamushi dis- 
ease, In 1920 Kawamura demoustrated that the disease in 
Formosa’ is identical with the disease as’ it occurs in Japan. 
Similar diseases have been described by Schuffner(4) in Suma- 
tra; by Ashburn and Craig(5) in the Philippines; by Dowden(6) 
in the Malay Peninsula; and by Smith im Mossman, North 
Queensland. Whether these reports represent true instances of 
tuutsugamushi ig not definitely known, Such names as “Deli 
pseudotyphoid” and “atypical tsutsugamushi” have been applied 
to these conditions which simulate true tsutsugamushi. 

Distribution—According to Kawamura, tsutsugamushi is 
found in the flood basins of the large rivers of Japan. This 
author states— 

Jn Niigata prefecture there are three localities along the Shinano and 
Akano rivers; in Akita prefecture one along the Omono river; and in 
‘Yamagata prefecture one along the Mogami river. While the disease 
occurs im the food districts of certain rivers, it does not in those of 
others. It is found chiefly in Niigata prefeclure. Та Formosa it occurs 
not only along the rivers, but also in forest and reclaimed land, 


The virus of tsutsugamushi—Kitasato(7) in 1899 described 


^o smal! body іп the red corpuscles of a "patient suffering from 


tsutsugamushi that he thought was a plasmodium. This could 
not be confirmed by other investigators. In 1904 Tanaka, (8) 
who had previously thought the disease to be caused by a pro- 
'tozoan, claimed to have identified a proteus at the site of the 
insect bites. Later this author stated that he believed the 
disease was caused by the toxin of the mite akamushi, Ogata 
and Ishiwara(} in 1905 claimed to have found an amceboid pro- 
tozoan in both patients and cadavers, and in the following year 
stated that their organism was a sporozoan for which they were 
ale to produce an immune serum. In 1910 these aythors de- 
seribed the life cycle of this parasite and named it “Gregarina 
tsutsugamushi.” Later Ogata stated that he believed the рага- 


> 
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Hayashi(0) in 


site was not а protozoan but a schizomy: 


1908 described rod-shaped, spheroidal, and ring-shaped bodies in 
the blood cells and tissue around the site of the akamushi bite, 


and in subsequent publications states that these bodies are pro- 
tozoans similar to Theileria parva, the cause of coast fever in 
cattle which is prevalent in East Africa, He has named these 
bodies Theileria tsutsugamushi. 

Kitashima and Miyajima(1) have described small spherical 
bodies in the nkamushi that parasitize field rats. These bodies 
are also found in the pups and larvas In 1917 these authors 
found certain granular bodies in the akamushi, and on the sur- 
face of agar cultures ‘that they designate akamushi bodies, Ac- 
cording to Kawamura these akamushi bodies are undoubtedly 
yeast celis. 

In 1977 Nagayo, Miyakawa, Imbamura, and Tamíya(12) cul- 
tivated a bacterium from an infected monkey which when in- 
jected into susceptible monkeys produced tsutsugamushi disease. 
Agglutination tests with this bacterium however were negative. 
Ishiwara and Ogata, Jr.(13) demonstrated small, round organ- 
isms in the lymph nodes, spleen, heart, and in monkeys having 
the disease, which they were able to cullivate, Later, in 1924, 
Nagayo found short rod-shaped bodies resembling rickettsim 
that stained with azure II but did not stain by Giemsa’s method. 
Sellards(i4) in 1923 infected a monkey with tsutsugamushi 
material and cultivated an organism which resembles Rickettsia 
nipponica. Kawamura points out that— 


It is, however, strange that tho inoculation of these cultures into his 
(Sellards) animals brings about hemorrhagic conditions never observed 
in our series of several thousand experiments, Furthermore the results 
he (Sellards) obtained in the monkey were insufficiently gtriking to prove 
‘hat he had isolated the true causative agent of tsutsugamushi disease- 


‘The virus of tsutsugamushi disease is present in the lymph 


nodes and in the blood stream of infected monkeys. The virus , 


tends to disappear during convalescence. One one-hundredth 
cubic centimeter of infected blood is sufficient to infect a suscep- 
tible monkey, and in certain cases 0.001 cubic centimeter may be 
sufficient to induce the disease. Tho virus passes through a Ber- 
kefeld filter, and blood ғо filtered is capable of inducing the 
infection, The virus apparently will not pass through а por- 
celain цех, Serum after clotting of infected blood does produce 
the disease. Centrifagation of infected blood plasma for ӛле- 
half hour at 2,000 to 3,000 revolutions per minute does not 
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completely remave the infectious agent. Kawamura has been 
unable to wash red cells from infected blood free of the infec- 
tious agent, апд he believes that the infectious agent is closely 
attached to the formed elements of the blood. From his ex- 
periments he concludes that the infectious agent is not related 
to blood platelets, and severer symptoms were obtained with 
, washed leucocytes than with washed red blood celis. Не states 
that “when the number of leucocytes is so adjusted that it cor- 
responds to the number of leucocytes in a measured amount of 
blood, the degree of illness produced in either case will be about 
the same.” Tsutsugamushi disease appears to be similar to 
typhus fever in some respects, but in typhlis fever the infectious 
agent is apparently found in the blood corpuscles while this is 
not true in flood fever. 
‘The causative agent in flood fever is not present in the vesicles 
produced upon patients with blistering plasters; it is not pres- 
, ent in spinal fluid or urine from cases of the disease or in the 
fats! blood from infected mothers. The virus of flood fever is 
destroyed by heating for ten minutes at 55° C.; it remains 
viable at 25° C. for one week; it is viable from three to five 
days at 31° C.; drying for twelve hours destroys its infectivity; 
it is destroyed by pure glycerol, 1 per cent mercuric chloride, 1 
рег cent phenol, and 2 per cent potassium hydroxide. Bile and 
ascitic fluid also apparently affect the virus, especially after 
а short incubation in these mixtures. Distilled-water mixtures 
with infected blood also attenuate or destroy the virus after 
twelve hours incubation at 25% С, 
» _ It is said that the virus of tsutsugamushi will remain viable 
for a time in the blood of infected guinea pigs, but these animals 
% ‘exhibit no syinptoms of the disease. 
Monkeys are easily infected with tsutsugamushi virus and 
have a definite incubation period ranging from six to thirteen , 
+ ауз. The infected animal presents a typical fever curve and 
‚  amarked leukopenia. Furthermore, the monkey develops an im- 
munity to the disease. Artificially produced acites in infected 
* monkeys contain the virus which when introduced into other 
> susceptible monkeys induces the disease. , 
Incubation period.—The incubation period of tsutsugamushi 
Sever ranges from four to seven days, In some cases the dis. 
, бале develops within three days following infectio\, while in 
$ others the incubation period has extended to twelve days. In 
2% p н 


290 The Philippine Journal of Science из 


monkeys the incubation period ranges between sixvand thifteen 
days. у 

“Symptoms. In the early stages of the disease cases of tsu- 
tsugamushi exhibit general malaise, headache, a feeling of op- 
pression, anorexia, insomnia, and, according to Kawamura, pho- 
fopsia. Some cases may show dizziness, pain ја the joints, and 
epistaxis. There are fever, chills, and constipation. Tender- 
ness and swelling of the lymph glands are characteristic of the 
disease. Skin necrosis and crusts are noted. These occur at 
the site of the invasion and are thought to be due to the secretion 
of the akamushi. The rash reaches its full development in 
from three to five days and consists of both macules and papules. 
It is generalized over the entire body and is neither itching nor 
painful. The cruption lasts from five to nine days and fades 
gradually, or rapidly іп some cases, leaving no trace, while т 
others it may leave brownish spots or crusts. The mortality 
ranges between 10 and 60 per cent. d 

Animals susceptible to tsutsugamushi virus, —Man appears to 
be the natural host for this virus. Monkeys may be infected 
experimentally. B 

Tmmunity.—One attack of tsutsugamushi confers some jm- 
munity, but the disease may be contracted more than once. 
The second attack із usually mild though in some cases the 
second attack may be as severe as the first or even more marked, 
Monkeys become immune following artificial infection, Com- 
plement-fixation studies have been unsatisfactory, and Wasser- 
mann tests performed on cases of this disease in which syphilis 
could be ruled out have been negative. Тһе Weil-Felix reaction 
in tsutsugamushi is negative. 

Pathology.—There are no specific visceral chanres in tsutsu- 
gamushi disease. There are general signs of septicemia which 
somewhat resemble those of typhoid. Тһе spleen and liver are 
“gwollen, and there is cloudy swelling in the parenchymatous 
organs and cellular necrosis. There is also an increase in ihe 
reticular-endothelial elements. In some cases hamorrhagic 
changes are found in the lungs. There із no marked change 
in the pancreas, thyroid, or reproductive glands. 

Control meusurés.—Since the disease is transmitted to man 
by the bite of the akamushi the eradication of this mite is essen- 
tial for the control of the disease. The bodies of men working 
in infested districts sould be sprayed with 1: 100 "Desin" er 
neosol three times а дау. (Kawamura.) Protective suits that 
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ев the ersira body except tho eyes have also been devised in 
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ILLUSTRATIONS. 
> Prate 24 

1. Rickettsia prowazeki, from gut contents of louse. (After Typhus 
Кезсатсћ Commission of the League of Red Cross Societies to 
Poland.) 

2. Rickettsia prowazeki, showing swollen and vacuolated epithelial 
calls packed with granular tickettsis. (After Typhus Research 
Commission of the League of Red Cross Societies to Poland.) 

Piare 25 


с Journ, 158 (198) 749; 


(Зар); Beitr. 2 Hyg. 


Section showing swollen and vacuolated epithelidi celis of midgut filled 


` 


with Rickettsia prowazeki, The lumen of the gut infected with 
larger, more deeply staining rickettsie, These, like the orga- 
nisms which’ cover the cuticular border of the gut celle, are 
Rickettsia pediculi. (After Typhus Rexearch Commission of the 
League of Red Cross Societies to Poland.) 
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PLATE 26 RESI 


Section of skin (low power). From a сазе of Mexican typhus showing 
the proliferative lesions, “typhus nodules," and a cross section 
of an artery with в thrombus. (After Typhus Research Com- 
mission of the League of Red Cross Societies to Poland.) 
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Еш. 1. Trench fever. Dressing of volunteer after removal of the cell 
itself, without cleaning. Note the soiling of the skin with louse 
excrement, especially at the distal border of the cell and about 
the ulecrated arex. (After the Trench Fever Report of Com- 
mission, Medical Research Committee, American Red Cross.) 

2. Trench fever, Feeding by the box method; higher up is seen the 
circular impression left by the rim of the box and the macular 
eruption within it caused by the recent bites af lice; encrusted 
papules resulting from previous feedings arc also present. (Af. 
ter the Trench Fever Report of Commission, Medical Research 
Committee, American Red Cross.) 

Puate 28 

Fig, 1. Heartwater, Kidney showing large blood vessel with engorged 
endothelial cells im which the microorganisms, Rickettsia ry- 
minantium, өте arrunged im characteristic clumps. (After 
Cowdry.) 

2. Spleen showing swollen endothelial cell containing mass of niicro- 
organisms, Rickettsia ruminantium, embedded in chromophobic 
cytoplasm, (After Cowdry.) 

Prats 20 


Fig. 1. Tsotsugamushi fever. Eruption in и woman of 22, taken six 
days after onset. (After Kawamura.) 
2. Tsutsugumushi fever. Sketch of eruption on the arm of а men 
of 30. (After Kawamura.) 


PLATE 30 


Fic. 1. Tsutsugamushi fever (human сазе). Bite lesion: with the aka- 
mushi im situ, sucking organ evident. (After Kawamura.) 

2. Tsutsugamushi fever. Mieroörganisms cultivated fro» animals in- 
fected with tsutsugamushi virus. (After Sellards.) 
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Fie. 1. Tsutsugamushi fever (human case). There is so much cellular 

infiltration теңе the bito wound that this may be considered a 

bite of an infected akamushi, or а primary lesion of the disease, 

(Photomierogroph by Kawamura.) 

2. Toutsugamushi fever. Men, protected by vermin-proof suits, eatch 
ing field voles, (After Kawamura.) 
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PLATE 23. SECTION SHOWING EWOLLEN AND VADUOLAYED EPITHELIAL CELLS OF 
MIDGUT FILLED WITH RICKETTEIN Prowl 
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PLATE 26. SECTION OF SKIN (LOW POV FROM A CASE OF MEXICAN TYPHUS 
SHOWING THE PROLIFERATIVE LESIONS, "TYPHUS NODULES," AND A CROSS SECTION 
OF AN ARTERY WITH A THROMBUS. , N 
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Fig. 1. Dressing of volunteer after removal of the cell ita, without cleaning. 
Feeding by the box method. 
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мек таллык Vinos Disease] їРишт. Jovis. Sec, 39, 1-4 


” Fig, 1. Erution im a womap of 22, six daya after onset. 2. Sketeh of eruption on the arm 
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CHAPTER XT 


FILTERABLE VIRUS DISEASES OF FOWLS 
LEUKEMIA OF CHICKENS 


Definition —Leukemia of chickens is an infectious disease of 
chickens that affects the blood-forming organs. It is character- 
ized by а marked increase of the myeloid {issue in the liver and 
rophy of the tissues of the hone marrow. There may be a 
diminished number of тей blood cells and an inctcase of white 
corpuscles in the circulating blood. 

History.—Ellermann and Bang(2) first recognized and studied 
this disease. The leukemia described in chickens by Moore(2) 

in 1896 was apparently duc to В. sengutuarium and represented 

an acute infectious disease with a hyperleucoeytosis. Hirsch- 
feld and Jacob(3) had made a clinical study of leukemia in chick- 
ens in 1907, and their work was further extended by Skiba{4) 
іп 1909. Tt was thought by Burekhardt(3) in 1912 that chicken 
leukemia was merely a chronic and progressive form of avian 
tuberculosis. The disease was first described in Denmark and 
has also been reported in parts of Germany. (Ebert) and 

Gohre.(D) 

The virus of chicken leukemia.—Very little is known con- 
cerning the virus of this disease. It was demonstrated by Eller- 

` mann and Bang that the cell-free filtrates from organ emulsions 
аге capable of transmitting the disease and for this reason it 
has been classified with the filtorable virus diseases. How- 
ever, Hirschfeld and Jacob, and Burckhardt were unable to dem- 
onstrate the filterability of this virus through Berkefeld filters. 
Тһе virus is present іп the spleen, liver, and bone marrow. 
Ellermann and Bang observed bodies resembling protozoans іп 
` the bone-marrow, while Hirschfeld and Jacob fouud in the tissues 
of infected fowls a long bacillus, which: upon injection into 
healthy chickens caused a mild anæmia associated with lympho- 

tytosii. Е 

The disease may be transmitted to chickens by Intravenous 
ог intraperitoneal injections of infected organs, Subcutaneous 
А 293 
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injections are negative. Fowls other than chickens arc not sus- 
ceptible. Guinea pigs are not susceptible to the virus. 

Incubation period.—Tie period of incubation varie 
erably and may range from one to two months. Only about 40 
per cent of inoculated fowls become affected, and oniy about 
one-half of these develop a typical leukemia while the others show 
а pseudoleukemia. 

Symptoms.—Sitiba regards leukemia in chiekci 
entirely different from leukemia in man. It bas alr 
mentioned that Burckhardt considers the diseuse ах a slow- 
developing and progressive tuberculo: is author con 
the large mononuelear ceils as advanced stages of the erythro- 
cytes. The striking changes found in atfocted fowls is t 
marked enlargement of the liver and spleen, Whatever the 
nature of the virus there is undoubtediy produced a great in- 
crease in the development of white blood celis in the hone- 
marrow, liver, and spleen, and frequently in other organs. In 
some cases lymphatic nodules have beon described in the bood- 
forming organs which develop into lymphomas, while in other 
cases the accumulation of lymphoid cells in the capillaries is so 
great that it leads to occlusion of the vessels, Rarely tumo: 
consisting of myelocytes appear in different parts of the body, 
and in these cases there is no leukemic alteration of the blood 
These cases are similar to true myeloblastic leukemia with Je 
costasis, Other cases may show only a leucostasis in the liver 
and bone-marrow with an infiltration of the splenic pulp, 4 
minished formation of red blood cells, and increased mononue! 
leucocytes with few myelocytes in the blood. ‘The disease ma 
last for severa! months but usually runs its course in one to {wo 
weeks, Spontaneous recoveries ure exceedingly rare, and de: 
may result at any time during the disease. 

Fouls susceptible to leukemia.—The disease is limited to c 
ons, 

Immunity in. chicken teukemia.—The fact ther only about 40 
рег cent of inoculated fowls develop symptoms of the с 
indicates that a high grade of natural immunity exists. How 
ever, this is all that'ean be said on the subject of immunity 
this condition. Jt is not definitely known if one attack of 
disease produces an immunity because so few recoveries have 
been noted. j 

Pathotogy.—The cnisrgement. of the liver and spen bas been 
referred (о. The liver has been known to weigh 300 grams in 
cases described by Ellermann. The outer surface and {һе cut 
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~ surface of the liver present white flecks about the size of small 

» peas, These changes may also һе noted in the kidney, while the 
spleen is ‘enlarged and red in color. Small lymphomas are also 
found in the skin and liver in some cases. The color index of the 
blood is usually high, being over lor 1.5. During the course of 
the disease severe blecdings may occur as a result of the hæmor- 
rhagie diathesis. This has been noted in wounds of the comb. 
The leukemic picture in the blood develops suddenly and may not 
be noted during the life of the bird. The white blood cells are іп- 
creased [гот 30,000 to 600,000. Тһе proportion between the 
white blood cells and the red blood cells may be as high as 1: 250. 
A typical blood picture is as follows: Polynuclear cells, 4 per 
cent (1 to 10 per cent) ; transition cells, 51 pet cent (40 to 60 
рег cent) ; myelocytes, 19 per cent (10 to 20 per cent) ; lympho- 
cytes, 26 per cent. In one case Ellermann found 91 per cent 
to be lymphocytes. This is known as the lymphatic form of the 
disease. 

„Сотов measures.—tsolation of infected fowls and quarantine 
of healthy fowls brought into am infected атса are indicated, 
though such measures frequently, because of the long perind 
of incubation and duration of the disease in some fowls, do not 
at once terminate the spread of the disease. Arsenic and Rönt- 
gen-ray treatments have been tried, the former with recovery 
in one case which of course means little, the latter without effect 
on the course of the disease. 
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FOWL РОХ AND AVIAN DIPHTITERIA 
CHICKEN rox Ах» FPITHELIONA CONTAGIOSDM 


Deftnition.-—In the past avian diphtheria (epithelibma conta- 
gidsum) has been considered а contagious, epizodtic disease of 
fowls, characterized by diphtheritic pseudomembranes on the 
тасар membranes of the head. : 


296 The Philippine Journal of Science i 


Fowl pox (chicken рох) has been considered a contagious, 
epizoótic disease of fowls in which epithelial nodules appear upon 
the skin, especially on the comb and за ез, and іп some cases, 
supcrimposed upon this picture, pseudodiphtheritic membrancs 
appear upon the mucous membranes of the head. 

The occurrence of a diphtheritic condition in both of these 
conditions led investigators to consider the possibility that per- 
haps they were dealing with only one disease and that the 
disease manifests itsclf in these two forms. Other investigators 
have pointed ont the similarity of the lesions of fowl pox with 
the lesions of molluscum in man. 

Since the question ‘of identity of these diseases has not been 
fully settled, but because strong experimental evidence has been 
advanced to prove their unity, both forms of the disease (or 
both diseases) will be described in this review. 

History.—Since the carly work of Boilinger(1) т 1873 and of 
Rivolta(2) in 1881, avian diphtheria and fowl рох have bech 
thought to be due to protozoans. In the case of avian diph- 
theria the fiageliate Corcomonas gailine was thought to be 
the cause, while in pox gregarines were thought to be the ctio- 
logical agent. In 1884 Loeffler(3) in his studies on diphtheria 
in pigeons isolated a bacillus which he thought was the cause 
of the disease and which he named J. diphtheria columbarum. 
Other investigators ef the time found a similar ог ism in 
diphtheria of chickens. In 1894 Loir and Ducloux(4) discribed 
an ovoid bacillus as the cause of the disease. Müller(5) in 1906 
reported cases in which he found a corynebacillus which was 
similar to the human diphtheria organism. As a result of these 
varied discoveries the belief became prevalent that avian diph- 
егіз might be due to two ог more organisms. ` d 

Tn 1902-03 Marx and Sticker(6) demonstrated that the virus 
of fowl pox was filterable through а porcelain filter, This was 
soon confirmed by Borrel,{7) Lowenthal, {8) and Burnet. (9) 

| Following these experiments, which demonstrated the filtera- 
bility of the fowl-pox virus, great interest was manifested in 
the subject and experimental work was quickly advanced leading 
to grave doubts that the etiology of the two diseases was 
different 
ы аныгы ike produced, in fowls a diphtheritic con- 
d pu |-роз and also demonstrated that 
the diphtheritic material from his infected fowls produced chic- 
en pox. These results were doubted by Hordet and Fally(11) 
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» but were confirmed by Schmidt,(12) Uhlenhuth and Manten- 
18,018) and Rütz.(11) However, Bordet has contended that 
chicken diphtheria, in yome cases, differs from chicken pox and 
із caused by a different agent, 

Writing in 1926, Findlay and Ludford(15) state that in their 
opinion fowl pox has nothing in common with epithelioma con- 
tagiosum or with moluscum in man. On the other hand, they 
believe that the virus of fowl pox, if not identical, is closely 
related to the virus of vaccinia and their experiments are based 
upon cytological studies. The virus used in their experiments 
was obtained from a spontaneous epidemic, of fowl pox. 

Distribution—Both fowl pox and aviam diphtheria occur in 
various parts of the world. Both conditions have been reported 
in sections of the United States and in Europe and Asia. ln 
Italy and Tunis the diphtheritic condition occurs most frequently 
and with greater virulence. 

Incubation period.—1n both conditions the incubation period 
is usually from six to twelve days. Slight variations from this 
тау occur in different epidem 

Symptoms.—The clinical picture varies with the form of the 
disease. In some epidemics the affection may involve only the 
skin or the mucous membranes, while in other epidemics both 
are involved, 

When the skin alone is involved the condition is spoken of as 
chicken pox, In this form of the disease the skin of the head 
is first involved. At first a fine, branlike, gray deposit develops 
on the comb, ears, and wattles, and on parts of the body where 

+ the feathers are absent. These initial lesions soon develop into 

"small nodules. These are at first reddish gray but later become 
grayish yellow, Later they become brown, dry, and firm, and 
their surface is warly. They contain horny or fatty degenerated 
epithelial cells, They may coalesce and bleed, and thick scabs 

* may form over their surface, The margins of the nasal orifices 
and the eyelids become thickened, and the eyes remain shut. 
Should the conjunctiva become involved a panophthalmitis may 
“develop. Modules may also develop on the mucous membranes 
of the mouth and throat or on other parts-of the body. When 
the lesions are confined to the skin the general condition remaing 
wood, But when widely disseminated marked loss in weight re- 
suljs, Aberrant forms of the disease are said to occu in which 
thére із а marked febrile reaction and thé lesions develop into 

* pustules, ] 

> , 
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In the diphtheritic form there is usually no marked general . 
disturbance. The condition usually begins in the inouth with 
the formation of a mucous membrane. ¢ This may résult from 
scattered small yellowish-white areas or the first changes in the 
mucous membrane may be a change in color to a dark red 
which is soon followed by a gray deposit which leads to mem- 
brane formation. The membranes are usually adherent and 
leave a bleeding surface when they are torn away. The surface 
beneath is red and finally granulated. 

The tissue surrounding the membrane is swollen and ede- 
matous and may Ьссрте membranous later in the course of the 
disease. The inflammatory process may extend to the larynx 
and on (о the trachea and bronchi. Respiration and swallow- 
ing become very difficult, and inspiration із characterized by a 
whistling noise, Finally the appetite is lost, the animal can 
neither eat nor drink, and must be fed by hand. : 

The nasal cavity becomes involved, and there із а serous dís- 
charge which soon becomes mucopuralent. The lacrimal canal 
becomes blocked, the whole head becomes swollen, and the eyes 
shut. Later both the sclera and the cornea may be ‘involved 
in the process, Also in the later stages of the disease the in- 
testinal tract may become affected and there із diarrhea which 
is sometimes streaked with blood and pus. 

In some cases both chicken pox and the diphtheritie proce 
are present at the same time or at different stages of the disease. 
This has been called the mixed form. In such cases the symp- 
toms of hoth forms of the disease are present. 

The disease is most acute as it occurs in Algeria and Cuba. 
In acute cases the animals undergo rapid exhaustion and die 
within a short time. ê 

Where the discase is confined to the skin the course is usually 
favorable and runs about three to five weeks. In few cases the 
discase is prolonged for several months, The diphtheritic con- 
dition is less favorable, the mortality being from 50 to 70 per 
cent. The acute form mentioned above usually ends fatally 
within four to eight days. 

Рила susceptible“ to fowl pox and avian diphtheria.—Both 
conditions occur in chickens, turkeys, pheasants, peacocks, pi- 
gcons, and less commonly in water fowls. 

The virus of fowl pox and avian diphtheria—Reference has 
already been made to the original ideas of carly workers that 
ae sano of fowl pox and avian diphtheria was a protozoan, 

езе bodies, then spoken of as gregarine parasites, іле now 
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» known to represent cell inclusions. While the bacterial forms 
» which have béen described cannot be entirely dismissed from 
consideration, there sc}ms {о be a gencral agreement that they 
may be considered as secondary invaders or that they are the 
cause of disease processes which closcly resemble avian diph- 
егіз and for that reason have resulted in much confusion re- 
garding the etiological agents concerned in these two conditions, 

It is known, for example, that Berkefeld filtrates of epithclioma 
masses or of the diphtheritic membranes produce in fowls epi- 
theliomas on the skin as well as diphtheritic membranes on the 
mucous membranes of the mouth. For this reason it seems to 
be well established that both conditions are caused by filterable 
agents. The inclusion bodies or “chicken pox bodies” that are 
found in the epithelial cells have been designated Chlamydozoa 
by Prowazek, (16) and Strongyloplasma by Lipschütz.07) Emul- 
sions of epitheliomas as well as the filtrates from them, contain 
smail, spherical, nonmotile bodies, 0.25 micron in size, that 
stain with Giemsa’s, with Loeffler’s flagella stain, and with 
ТіеҺҮз fuchsin, Prowazek believes these small bodies may 
penetrate the epithelial cells and there produce reaction products 
which result in the so-called cellular inclosures, or pox bodies. 
The theory has also been advanced that the pox bodies are 
thrown off by the nucleus of the cell and that the disease is due 
to a toxin thrown off by the epithelial cell. 

Bordet * has reported the cultivation of small granules which 
measure nbout 0.2 mieron, from diphtheritic material, on his 
blood-glycerin-potato agar. With these cultures he produced 

* , diphtheritic membranes in chickens, but his virus did not pro- 
quce epithelioma on the skin. These results were not confirmed 
by Lipschütz nor by Burnet. 

‘The virus as contained in the epithelial nodules is very resist- 
ant to drying and to the action of the sunlight. Heating to 

* > 60° С. destroys it in about three hours, and freezing to —12° С. 
destroys it in about five weeks. One per cent phenol has no 
„effect upon the virus, The virus is preserved in glycerin for 
an indefinite length of time. 

Experimental pox lesions are produced он the skin by rubbing 
the material from pulverized nodules into the skin of healthy 
Animals. The incubation period in this form of infection is 


^ Doctor Bordet informed the author im August, 1928, in a personal 

1 interview that he now believes the microbe he was working with was the 

'  mocrebe of coryza contagiosa and not the incitant of fowl diphtheria as 
he previously thought. > ^ n * 
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about five or six days. Filtrates of such material also produce 
lesions but the incubation period is longer, usuaily eight to ten 
days. Pox lesions may also be producev upon the skin follow. 
ing intravenous injection of infected material. Burnet produced 
lesions on the skin by feeding scabs from infected animals. 
‘The virus is present in the blood stream carly in the course of 
the disease since lesions have been produced by employing liver 
for the purpose of infection. 

The virus of chicken pox and the virus of cow pox have sev- 
eral things in common. Both occur in the skin lesions, both are 
filterabie, both are dermotropic and resistant to glyecrin. Е: 
periments have been advanced to prove that vaccine viru: 
produces a local immunity jn chickens to chicken-pox virus, but 
the work of Toth indicates that this is not true since vaccine 
virus, according to his experiments, immunizes only to vaccine 
virus and not to chicken-pox virus. 

Close relation between avion diphtheria and diphtheria эл 
man has been said to exist, Loir and Ducioux have found the 
same organism in the pseudomembrane from a child sulTering 
with diphtheria that they found in the membranes ot fowls: 
and the pesudodiphtheria bacillus, which is believed to be an 
avirulent form of the true diphtheria bacillus, has been found in 
birds by Gratia and Lienaux.(18) However, even though there 
may be a close relation between some of these organisms as they 
are found in fowls and the true diphtheria bacillus found in 
man, there is no case on record of the transmission of diph- 
theria from man to animals or vice versa. 

It is possible to produce a diphtheritic inflammation on the 
tracheal mucous membranes in pigeons and chickens with true 
diphtheria toxin, but the condition so produced is not clinically 
the same picture as natural infection with the virus of avian 
diphtheria. Pox lesions have not been produced with such toxin. 

Streit(19) in 1904 described the “Roupbacillus” as the causa- 
tive organism in an affection of fowls which occurs in America 
and is known as American ғошр. This disease is clinically 
identical with chicken diphtheria and the roupbacillus is very 
similar to B. pyocyaneus. 

In view of the various bacterial forms which have been de- 
scribed for this disease, several explanations present themselves, 
First, the Lacterial forms that have been described that include 
the Klebs-Loefllcr bacilus, the bacillus diphtheritica columbarun, 
the roupbacillus, tbe chicken-diphtheria bacillus of Müller, and 
the colonlike bacillus of Hausser, (20) all may represent secondary 


! 
| 


29.14 McKinley: Filterable Virus Diseases 301 


+. invaders which aggravate the condition by lowering the resist- 
ance of animai, and themselves produce pathology which con- 
fuses ће true picture pf the disease, An analogy of this may 
be found in hog choléra where B. suipestifer frequently ac- 
companies the hog-cholera virus, Second, these bacteria may 
Alone produce conditions in susceptible fowis which closely 
simulate true fowl diphtheria. Finally, one of them, such as 
the organism described by Bordet, may in time be proved to be 
the actual virus causing the disease. This is suggested оп ас. 
count of its minule size and on what is definitely known con- 
cerning the filterability of the virus of chicken pox and of chicken 
diphtheri ? 

Immunity in chicken pox and chicken diphtheria.—Carnwath, 
and Uhlenhuth and Manteufel have demonstrated that a skin 
immunity to chicken-pox virus can be produced by producing 
an affection of the mucous membrane with diphtheria material. 
This was confirmed by Sigwart.(21) Haring and Kofoid(22) 
are said to have produced immunity in chickens with pox virus 
against diphtheria. The relation of vaccine virus to chicken- 
Pox virus has already been mentioned. One attack of chicken 
pox or fowl diphtheria produces a lasting immunity. Chickens 
may be immunized successfully by vaccination with pox material 
on the scarified skin, Serum from highly immunized fowls pos- 
Воквев no preventive or curative value. Manteufel has produced 
immunity in chickens by intravenous injection of Тутар vaccine, 
such protection lasting about two years, 

Pathology —The changes found after death in fowls which 

» have died of the mixed form of the disease are chiefly in the 

* skin, the mucous membranes of the upper respiratory passages, 
the mucous niembranes of the trachea and bronchi, adoma of 
the lungs, and fibrinous membranes on the serous coats. The 
spleen and liver may show fine yellowish spots and the intestinal | 

» mucosa is frequently the sight of infammatory changes and 
small extravasations of blood. The changes in the eye depend 
entirely upon the extent of the involvement of this organ. 

* Control measures —tsolation of diseased birds is the chief 
method of contro? and prevention. Preventive inoculation may 
be employed if the epidemic warrants this procedure, 
Н у 200 BIBLIOGRAPHY 
LjBOLLINGER, Virch. Arch. 58 (1875) 340. , 

2. Кохорта (1881). Ref, in Rivolta e Delprato's “L'ornitojatris 


3. Logrrure, Mitt. d. GrA. 2 (1884) 421. 
4. Lom and Ductotx, A. P. 8 (1894) 599, 


Piso. 


Й 


302 The Philippine Journal of Seience E 


be Centralbl, f. Bakt. 41 (1906) 621 (lit). 

D Marx and Stern, D. m. W. (1902) 803; 79 (2900). „ 

4. Вонвғ, Anm. de l'inst, Past, 17 (1904) 34. 

9. Тоъвутил, Deut. med, Woch, 32 (1906) 078. 

9. Berner, Ann. de Inst. Past. 20 (1906) 742. 

30, СавяжАти, Arb a. d. kais Gesundheitsamte 27 (2908) 288. 

11. Bonner and Fav, A. Р, 24 (1910) 563. 

Borner, Ann. vet, (1907) 494. 

12. 5симірт, Centralbl f Bakt. 52 (1909) 200. 

13. UHLENHUTH and Mantecret, Arb. d. G-A 33 (1920) 288 dit}. 
14. Bate, А. L, (1911) 293. 

15. Frxouay and Levon, Brit, Journ. Exp. Path. 7 (1926) 256. 

16. Prowazek, Arch. f, Protistenk 10 (1907). 

17. БлевонЕта, Centralbl. f. Вака, 46 (1908) 609. 
228; Gratia amd Li£NAUX, Ann. (1898) 401. 

19. STREIT, Zeit. f. Нур. 46 (1904) 407. 

20. Hauser, Centralbl. f. Bakt. 48 (1909) 535. 
21. SicwaRT, Centralbl. f, Bakt. 56 (2910) 128. 
22. HARING and Korot, quoted from llutyra and Marek, Pathology and 

‘Therapeutics of the Diseases of Domestic Animals, 3d Am. сө. 
Trans. by Mohler and Eichhorn 1 (1926). 


OTHER KEFERENCES 


Камемахх, HIRSCHOURG, and LANGE, Centralbl f. Rakt. 34 (1903) 214. 
Liyseutz, Prowazek’s Handb. d. Path. Prot. (1911) ОИ. 

KrxrA, Diss, Bern. (1909). 

Ароухт, Virch. Arch. 174 (1903) 86. 

Вехва, Centralbl f. Allg Path, 8 (1897) 862. 

Luskwa, Lo Sperimentale 79 (1025) 069. 

УнснАмАз, Zeit. f. Krebsforsch, 1 (1903) 105. 

RurscHtrs, Centralbl f. Вык, 40 (1906) 356, 474, 653. 

Sanretice, Zeit. f, Нур. u. Infekt, 26 (1891) 298. 


FOWL PLAGUE 


, TYPHUS EXSUDATIYUS GALLINARUM; PFRITONITIS EPT- 
ALOPMIAPA; DESTE AVIARE (Рлехси); GEFLÜGILTEST 


PESTIS CALLINARV: 
тофт, KYAN 
° CGretax) 


2 Definition Fowl plague, or ow pest, is an acute, infectious, 
Contagious affection of fowls characterized by petechial hemor- 
тћанск disseminated throughout the body and by symptoms 
which strongly resemble those of fowl cholera, 

History—Fow! pest was first described in 1878 but has ap- 
peared in serious epidemics only since 1894. In that year it 
appeared in northern Italy and spread to Germany. Later it 
spread to Tyrol, France, and Belgium, and to the United States 
in 1924. ~ i 5 

Distribution — Fow] plague is found in the European countries 
Italy, Germany, France, and Belgium. It has been endemic in 
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зә the Uhited States, where the disease differs from the European 
form ому „їп the species of fowl most affected. It did not 
appear in'the United )States until 1924, though it had been 
reported prior to that Yate in South America in Argentine and 
Brazil, 

Incubation period—The incubation period in natural infec- 
tion ranges from two to five days and in some cases may be 
prolonged to the seventh day. In artificial infection death fre 
quently results within thirty-six to forty-eight hours. 

Symptoms.—The affection usually begins with depression and 
a loss of appetite. Later the animal become oblivious to its 
surroundings, is stuporous, dull, and sleepy. The comb and 
wattles become blackish red (kyanolopia), the skin becomes 
scaly, the eyes closed, and the conjunctiva congested, swolien, 
and inflamed. There is a mucous secretion from the nose and 
throat, and hemorrhagic spots may be noted on the mucous 
niembranes, There may he an associated diarrhea, and the 
feyer may reach 44° C. or more, The disease usually runs its 
course in two to four days but may last for a week ох more. It 
is usually fatal. 

Aberrant forms of the disease have been described in which 
diphtheritie membranes are formed in the throat, and in other 
cases there are pronounced nervous symptoms which result in 
paralysis. 

Fowls susceptible to fowl-pest virus—Chickens, turkeys, 
pheasants, sparrows, blackbirds, sparrow hawks, owis, and par- 
rots are susceptible to fowl plague, It is said that water fowls 


* and pigeons are resistant to natural infection but are sometimes 


" susceptible to artificial infection. The disease as it occurs in 
the United States is apparently not pathogenic for ducks, geese, 
or pigeons. Rosenthal) and Schiffmann,(2) however, claim 
to have established the disease in geese, 

? > The virus of fawl pest.—In 1901 the virus of fow? plague was 
found by Centanni and Savonuzzi to pass through a porcelain 
filter. This has been confirmed repeatedly since then, and there 

“із no reason to suppose that the etiological agent of this disease 
is any other than a filterable virus. The virus is present ih the 
blood stream early in the course of the disease. 16 is also pre- 
gent in the nasal sccretions, in the bile, and in the exudate of 
he serous cavities. Filtrates of these fuids aro alt virulent. 

Landsteiner(3) states that the virus is Adherent to the blood 
celis and can be cultivated up to the tenth generation by placing. 


. р 


E 


Ар 


804 The Philippine Journal of Science im 
defibrinated blood ороп agar plates. Rosenthal, Кісіпе,(%) and 
Schiffmann have all described small ring-shaped bodies inside 
and outside the brain ces. These bodies may also be round or 
oval and their true nature has not Бесін determined. Prowa- 
zek(5) did not confirm these findings but describes in the brain 
tissues small dumb-bell-shaped forms which measure about 1 
to 1.5 mierons in size, These forms frequently lie close to 
the red blood cells, and are also demonstrable in filtrates of mat 
rial known to contain the virus. Prowazek classes these small 
bodies with the Chalamydozoa, their protozoan nature beins 
also indicated by their resistance to glycerin, The virus ік be- 
lieved to be smaller ‘than hemoglobin molecules since it passes 
through Bechhold’s ultrafilters that do not allow hemoglobin 
to pass. 

The virus із destroyed almost immediately by heating at 65° С. 
It will resist 50° C. for nearly thirty minutes. The virus will 
remain alive in dried tissue for nearly a year, and is pre- 
served by glycerin for over а year (Maue()). 

Immunity in fowl plague.—One attack of the disease confers 
an immunity to subsequent infection. Kraus and Schiffmann(7) 
report that dried spinal cord from infected geese will protect 
young geese. Geese may be immunized also with virulent spinal 
cord from chickens against a fata] subdural infection. 

Patholoyy.—To Freese(8) we owe most for the pathological 
anatomy of this disease. In the very acute forms of the disease 
there тау be few changes to note at autopsy, Changes most 
frequently found in animals dead of the disease are hemorrhages 
on the inner surface of the breast bone, on the visceral layer of 
the pericardium, on the peritoncum, in the fat tissue of the 
gizzard, and other mucous membranes. The Кїййсу and spleen 
may be hyperamic, and there may be а small amount of cloudy 
fluid in the pericardial sue. 

There is a catarrhal condition of the respiratory tract and of 
the gastrointestinal tract, and frequently small hemorrhages 
are found in the lungs. 

Control measures for fowl plagwe— Control measures con- 
sist in isolation of affected birds, careful selection of new birds 
which are to be placed with healthy flocks, quarantine of new 
birds coming in, and careful disposal of the remains of birds th 
have died òf the di ной бебі 

« е disease. The usual care of the premises is,.of 
course, indicated, 4 


| 
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. ROUS СІНСКЕМ SARCOMATA 


In 1910 Rous(1) first described a sarcoma of the common fowl 
which is transmissible to other fowls. This sarcoma proved to 
be a spindle-celled tumor both infiltrative and destructive. In 
his first experiments Rous satisfied himself that the tumor was 
transmissible to other fowls of a closely related stock, and he 

“propagated the tumor into ils fourth generation. Later, in 
1911, Rous was able to show that this tumor of the fowl was 
` extremely malignant and possessed a marked tendency to wide- 
"spread metastasis. Furthermore, the tumor could be transmit- 
ted to barred Plymouth Rock fowls not only by inoculation with 
the tumor material itself but also with Berkefeld filtrates of the 
tumor emulsion. Also it was discovered that the tumor could 
"ре transmitted to susceptible fowls with dead cells, killed by 
desiccation or by 50 per cent glycerol. In this respect Rous 
chicken sarcoma No. I differs from all mammalian tumors. 
‘Mammalian tumors have only been transmitted by living cells. 

In 1912, Rous, Murphy, and Tytler reported a second tümor, 
ап osteochondrosarcoma, of fowls which they believed to Бе due 
Also to a filterable agent, At the same time a second spindle- 
celjed sarcoma differing from the first tumor of thls type de- 
sclibed by Rous was also mentioned. ‘This tumor was also 

, eet қ 
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thought to be caused by а filterable agent, These three tumors ., 


have been designated and described in the literature аз 1, 
spindle-celled chicken sarcoma No. 1; 2, csteochondros.reoma of 
chickens, tumor No. VII; and 3, spindleXelled chicken sarcoma 
with blood sinuses, tumor No, XVIII The last was fully 
described in 1914. 

All of these three tumors have been demonstrated by Rous 
and his associates to be transmissible to other fowls. Berke- 
feld filtrates of each tumor are capable of inducing typical tumor 
formation when inoculated into susceptible fowls. All three 
tumors then have been regarded as being caused by a filterable 
agent. 4 | 

Chicken sarcoma No. I, spindle-cclled, can be transferred from 
chicken to chicken by tumor emulsion, filtrate of tumor emul- 
sion, or by tumor cells which had been killed by drying or by 
50 per cent glycerol. This tumor usuaily kills its host within 
twenty-eight days. It is prone to metastasize and upon passage 
increases in malignancy. It cannot be transmitted to mammals 
or to any species of bird other than the chicken. When first 
studied sarcoma No. I was highly specific for one closely related 
strain of chickens, and while it still grows more freely in Ply- 
mouth Rock hens, it is also transmissible 40 other breeds of 
chickens. 

Chicken osteochondrosareoma No. VII when first studied 
was apparently benign but proved malignant after repeated pas- 
sage. It is an entirely different tumor from tumor No. I. This 
tumor is also said to be transmitted with either filtrates of the 
tumor cmulsion or with dead tumor cells. 

Chicken sarcoma No. XVIII, spindle-celled with blood sinuses, 
can be transmitted to other fowls with Berkefeld siltrates of thi 
tumor emulsion or with the living tumor cells. Jt cannot be 
transmitted with the dried tumor material. 

Numerous spontaneous tumors of chickens have been de- 
scribed, but many of these have resisted transplantation, These 
three tumors which have been described by Rous and his asso- 
ciates are all transmissible; the latter two, No, VII and No. 
XVIII, represent only two of about thirty tumors of chickens 
studied by these authors. 
ша Балу Ks теш Rous found that the addition of а 

t of infusorial carth, Kieselgühr, to his filtrates 
apparently aided in the development of the tumor. However, 
this is not essential, as shown by protocols where tumors have 
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+ developed in the presence of the filtrate alone and in the ab- 
a sence of this ‘substance. 

Each tumor posses]cs its own characteristic histologic com- 
position suggested by its name. For further details of histology 
the reader is referred to the original papers describing these 
growths. 

For many years the chicken sarcomata of Rous were regarded 
as tumor formations caused by filterable agents, possibly fil- 
ferable viruses. Since the early days of medical science there 
have been those who regard all forms of malignant growth 
(cancers and sarcomata) as being duc tp parasites (bacteria, 
protozoans, fungi, etc.). This has been known as the parasitic 
theory of the origin of cancer and other malignant ncoplasms. 
Opposed to this concept have been those who consider malig- 
nancy as being produced by a variety of other causes, such as 
chronic irritation, diet, chemicat agents, and hereditary factors, 
Phe contagiousness of malignant growths has long been a mooted 
question and even to-day remains unsettled. There are few, 
however, who believe in the contagiousness of these tumors, 

The discovery by Rous and his associates of malignant tumors 
in chickens and the evidence adduced by them demonstrating 
that filterable agents were the causative factors led to much 
speculation. Could all malignant growths be due to filterable 
viruses? Are cancers and sarcomata in human beings caused 
by filterable viruses? What of all the statistics on heredity of 
malignancy in human beings, the theories of chronic irritation, 
both mechanical and chemical; what of the theories concerning 

‚ diet and cancer; and of the heredity studies of Maud Slye on 
„mouse tumors? 

In 1925 буе(2) and Barnard (23) gave new impetus to the study 
of the question in their reports on the origin of cancer. This 
work was based on the carly reports of Rous on the chicken 

"> spindle-celled sarcoma Мо, Г. The report of Gye was startling 
and still remains to be adequately confirmed by other investi- 
gators. This author claimed to have demonstrated that the Rong 
tumor Ко, T is due to a virus and further that he had succeeded 
in cultivating this virus in vitro. Also Gye reported that he 
was able to transmit mouse sarcoma 37/5 with a cell-free fil- 

"trate; that rat tumors No. 9, a carcinoma, and Jansen's rat 
sgrcoma, mouse carcinoma 63, and a human-breast carcinoma, 
alt provide a “factor” which “сап replace the virus of the Rous 
^, tumor in the genesiz of a chicken sarcoma.” Не believes that 
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the common "factor" in the last four tumors is certainly а virus. 
He also states that the virus “alone” is unable to bring about 
the malignant changes of a cell and thatîthere must be. ad. 
juvant" substance, which he has termed the “speeific factor’ 

in order to induce the tumor formation. Gye states— 

"These researches have led me to look уроп cancer—using the term in 
its widest sense—as а specific disease caused by а virus (or group of 
viruses). Under experimental conditions the virus alone із infective; а 
second specific factor, obtained from tumor extracts, ruptures the cell de- 
fenses and enables the virus to infect. Under natura? conditions cum 
tinued "irritation" of tissues sets up a state under which infection can 
occur. The connection біресе the specific factor of a tumor amd an 
irritant remains to be investigated. Some of the relitively unimpurtant 
Titants" are known, such as coal tar, paraffin oils, ete. The virus prob- 

ubiy lives and multiplies in the сей and provokes the cell to continue 

multiplication, 

Gye claimed to have cultivated the virus of the Rous No. I 
tumor in a rabbit serum KCL broth, Hartley's broth, to which а 
fragment of chick embryo is added, He states, “the age of the 
embryo used has generally been 12 to 16 days.” The primary 
cultures were incubated in апабгођје jars at 25 to 26° C. for 
four days, after which subcultures were prepared. Не has as- 
sumed that, following tests of his cultures upon susceptible fowl 
if growths are obtained with subcultures beyond the fifth pas- 
sage multiplication of the virus has taken place. He estimates 
that each subculture represents at least a dilution of the original 
virus one thousand times and calculates that in the fifth pas- 
sage multiplication of the virus must have taken place. Пе es- 
timates that each subculture represents at least a dilution of 
the original virus one thousand times and caleulates that the 
fifth subculture is a dilution of one thousand billion, or 10, ' 

Barnard’s contribution to the study by Gye of the origin of 

- cancer consisted in photographing, by means of ultra-violet 


light, what is considered by these authors to be the actual virus of - 


the Rous chicken sarcoma as well as other filterable viruses such 
ав the virus of pleuropneumonia, mouse sarcoma 37/S, and 
human carcinoma. The "virus" has the appearance of extreme- 
ly mihute spheroids.» Barnard statcs— 


Probably no single factor has hindered the cultivation of lteralle vic 
19305 so mach as the assumption that a culture in broth, for instance; 
Шы become opalescent, or that a growth on solid media must develop 
colonies casily visible io'the naked eye, If as we think probable the 
‘spheroids are an essential part of the Mife-history of these organisms then, 
owing to their low refractive index, they would require to be present im 
impossibly gret numbers to produce evident elnudiness, * 
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‘The criteria assumed by Gye and Barnard for growth of the 
filterable yiruz do not seem severe enough to us, While most 
investigatrs will айп} that a dilution of one thousand billion 
away trom the initial inoculum is exceedingly high, yet it is 
conceivably possible that a few minute cells of the tumor may 
be carried over through each successive subculture. Further- 
more, Barnard’s photographs do not convince one that he is ac- 
tually looking at photographs of the "virus." Indeed, Barnard 
himself states, “Unless considerable care is exercised the sphe- 
roids may базНу be confused with other spherical bodies oc- 
curring in most organic fluids.” It will be recalled that Novy 
found his rat virus active in 0.00000000007 of a cubic centimeter 
and conceivably ‘а 1 to 10 dilution of this quantity in certain 
instances, at least, might have proved infective. (See Novy's 
rat virus, Chapter VII.) 

Since the publications of Gye and Barnard numerous investi- 
gators have attempted to repeat their work. While many 
reports have been published, only a few will be mentioned. 
Mueller(4) for instance has been unable to duplicate the work 
of Gye ‘and points out that uncontrollable local and individual 
variations may produce results in oceasional chicks which si- 
mulate satisfactory experiments, but as he states, when viewed 
аз a whole, mean nothing, Mueller concludes that 

Because of the conflicting nature of results obtained by those who 
have undertaken to repeat the work, and on account of the difficulty of 
controlling all factors involved, we do not feel that it may be stated 
definitely that Gye's theory of the cause of cancer із wrong. On the other 
hand the theory apparently necds more evidence its support if it is 
to receive further serious consideration, 
> Harkins, Sahamberg, and Kolmer(5) have been unable to con- 
firm the evidence of growth of the virus of the Rous chicken 
sarcoma in subcultures and find no evidence to support the 
theory that the so-called specific factor acts by reason of the 
presence of a chemical substance. These authors are inclined to 
the view that the specific factor is nothing more than a suspen- 


+ slon of attenuated living virus which may or may not induce 


tumor formation, depending upon the susceptibility of the, fowl. 

The specific factor from the Rous sarcoma is obtained, ac- 
cording to Gye's method, by treating the filtrate with chloroform 
which is supposed>to КІН the virus. Та Gye's experiments tu- 
mors were not produced following the injection of the virus 
alone or the specific factor alone. When the two were mixed, 0.5 
cubic centimeter of cach, tumors were always produced in about 

г: a 
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two weeks. Harkins, Schamberg, and Kolmer are inclintd to... 
doubt that the infectivity of the specific factor is destroyed when — , 
prepared according to Gye's method. Mueller also points out 
the dificulty of preparing suitable chlóroform ‘filtrates. lic 
slates that individual filtrates vary considerably and that the 
amount of chloroform employed is an important consideration, 
Murphy(8) has demonstrated that it is possible to reactivate 
chloroform filtrates by means of tumor cultures and stales that 
these results are due to an acceleration of a partially destroyed 
agent by means of gome substance common to rapidly growing 
tissues such as tumor, embryo, or placenta, 

Cori(?) has терог{ей a similar experiment, Flu(#) states that 
reactivitation may be obtained not only with tumor cultures and 
embryo culture, but also with similarly prepared material of liver. 
and kidney tissues from chickens and guinea pi ^ 
Schamberg, Kolmer, and Kast, however, find that when suflicient 
chloroform is added to sarcoma filtrates so that the materiir 
when injected into chickens will not produce tumor growth, the 
infectiousness of the filtrate is not altered when tumor culture 
is added to it. According to Fiu there are three weak points 
in Gye's theory on the origin of cancer. Briefly, these may be 
stated аз follows: First, it is not at all certain that chloroform 
destroys all the virus in the tumor extract. Second, the exten- 
sion of Gye's virus etiology to include mouse sarcoma. {п Flu’ 
experiments he failed to induce tumor formation in sixty mice 
by injections of cell-free filtrate or with unfiltered supernatant 
houillon over picces of this tumor, Third, the Rous chicken sar- 
coma, upon which Gye bases his theory, has been regarded by 
some competent pathologists as a chronic infectious granuloma 
and not a true sarcoma in any sense. 4 t 

Simon and Beck(9) have also presented evidence that tumors 
are not produced by combining embryonic tissue cultures and 
chloroformed tumor extracts when the filtrates had been de- . + 
finitely inactivated. These authors state that the chloroform 
treatment of the tumor extract docs not lead to a complete in- 
activation of the contained “virus, 
актай, Кайнай has shown that the celis of the Rous 

hieken s: often filterable through the coarse and me- 
dium Bcrkefeld filters and that a small number of these celle 
can be demonstrated іп a proportion of the filtrates, This au. 
iin a vay aa er юр полата! 2 Је 
the addition of filtrate te а lore munus патом cells and 
б з arge number of cells prodvces no 


| 
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тоге effect than does so much distilled water, Nakahara con- 
cludes that the transmission of the Rovs chicken sarcoma may 
not ре, берепдепё flom the actual transplantation of viable 
sarcoma cells, He futther points out, in conection with desic- 
cation and glycerination of the Rous chicken sarcoma No, I, that 
some viable cells can be demonstrated when such tissue retains 
the power to produce sarcoma. 
Studies such as have been described above on the etiology of 
malignant new growths are of prime importance to human med- 
істе. Malignant diseases are among the most important of 
human ailments, and it has been hoped that the study of similar 
conditions in experimental animals might throw some light проп 
Из etiology. Some authorities have been inclined to cousider 
chronic irritation (whether mechanical, chemical, toxic, ete.) 
as always being the basic factor involved in the production of 
these growths, while others have continued to search for some 
Specific cause in the nature of a living parasite, germ, оғ virus. 
JÈ will be recalled that Fibiger(1t) was able to produce cancer 
in the gastric mucosa of the rat by feeding cockroaches that 
he later found harbored а certain worm which he named Spi- 
Toptera neoplastica. In this case Fibiger believed the chronic 
irritation was produced by some toxic secretion from the раға- 
site. It should be pointed out, however, that this irritant was 
incapable of producing any cancer other than the gastric cancer 
of the rat, 1t is, of course, common knowledge that vancers 
can be produced in rats by painting the skin with coal tar over 
prolonged periods of time, and it is a historie fact that sheep 
herders developed cancer of the skin as the result of carrying 
^ charcoal ovens next to their bodies over which they were ac- 
customed to warm their hands during long vigils of work and 
exposure to the elements. While we, are interested here chiefly 
in the filterable virus theory of the origin of neoplasms, it is of 
interest to comment on the “irritation” theory. 

Recently Sturm and Murphy(12) have attempted to separate 
a causative agent from the cells of a tar sarcoma of the chicken. 
These authors were unsuccessful either with filtrates or di 
cates, and they point out that this tumor "must stand'as an 
exception in the chicken tumor group, in that it resembles the 
"mammalian tumors in the failure to be transmitted by an agent 
sgparable from the living cell.” d 

It is evident that the theory of Gye and Barnard on the origin 
of cancer has met with serious objection on the part of investi- 
gatqrs thoroughly competent to evaluate the protosols that have 
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been advanced in its favor and who have demonstrated con- 
servatism in the interpretation of their own experimental work. 
While it is premature to condemn сп у the theorz,of Gye, 
we are inclined to agree with Mueller that more-convincing 
evidence must be presented іп its favor If the “virus theory" is 
to receive further serious consideration. 
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NEUROLYMPHOMATOSIS GALLINARUM: FOWL PARALYSIS 


Cancer Res. 10 (1920) 


Definition. — Nourolymphomatosis gallinarum (Pappenheimer, 
Dunn, and Cone) is an endemic disease of fowls which is charac 
terized by an asymmetrical, partial, and progressive paralys 
of the wings and both legs with occasional gray discoloration 
of the iris and blindness, In from 4 to 12.9 per cent of the 
cases lymphomata have been found that exceed the tumor rate 
for normal fowls. The cause of the disease is unknown. 

History—According to the recent studies of Pappenheimer, 
Dunn, and Cone(1) fowl paralysis was first described by Marek 


in 1907. Later important clinical studies of the disease were ` 


made by Kaupp in 1014 and reported by this author in 1921. 
‘The disease is said to occur in all parts of the United States 
and Canada, There is reason to believe that the same disease’ 
or onc quite similar is also prevalent in Austria, Holland, 
Argentina, and perhaps other parts of the world. > i 


‹ “ 
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a — Etislogy—The etiology of fow) paralysis is unknown. In the 
most recent comprehensive experimental work of Pappenheimer, 
Duna, anf Cone severi possible theories of the cause of the 
disease aro suggested) While these authors are very conser- 
vative in their deductions from their experimental work they 
зеста to favor the theory that the cause of this disease is a 

+ living virus, presumably an ultravirus since no microórganisma 
can be demonstrated in material from cases of the disease, 
Other possible causes such as a nutritional disorder, an intoxi- 
cation, and 4 neoplastic process are given full consideration, but 
none of these scems probable. For these reasons this disease 
has, at least temporarily, been placed in tile group of filterable 
virus diseases of ‘fowls. In the experience of these authors not 
more than 26 per cent of birds inoculated with material from 
diseased animals develop the disease. It occurs in both sexes, 
and all common breeds of chickens may be affected. No re- 
lation has been found between paralysis and infestation with 
coccidia and intestinal worms, 

“Incubation period.—The precise incubation period in this dis- 
ease is unknown. According to Pappenheimer, Dunn, and Cone 
the earliest clinical cases in their experimental material were 
ten weeks of age. Apparently there was only one case that 
developed symptoms as carly as this. In the spontancous cases 
studied by these authors clinical symptoms were observed at 
twelve weeks and the oldest case developed paralysis at fifteen 
months eighteen days. These authors state that the onset of 
paralysis may be very sudden, They have observed a complete 

‚ loss of power in the legs in less than three hours. These ob- 

+ servations indicate the age incidence of the disease, however, 
father than tile incubation period. In their chicken Ко. 4909, 
which was inoculated intramuscularly into the left leg with 0.2 
cubic centimeter of suspension of cord and sciatic nerve from 

› ‚С. 1348 (infected fowl}, April 16, 1926, histologie lesions 
characteristic of the disease were found two and one-half months 
later when the fowl died without showing previous symptoms. 

+ In another fowl injected with the same material upon the same 

200 дау symptoms of paralysis developed in, about four months 
following the inoculation, 

> Symiptoms.—Drooping of a wing on one side, lack of coör- 

dination in walking, limping gait, and finally compilate prostra- 

tidn are carly manifestations of the disease. According to 
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Pappenheimer, Dunn, and Cone the limbs are not symmetrically 
affected even in advanced cases. The chickens измађу lic upon 
the side that shows greater paralysis, th older cases'covsenlar 
atrophy may become extreme. The paralfsis is more often spas- 
tic than flaccid, and in some cases there may he clonic spasms. 
Тһе duration of the discase is variable. In one of the ten early 
cases at the Storrs Experimental Station a completely pros- 
trated fowl lived from October, 1922, until January, 1923, under 
careful feeding. Death, however, may occur suddenly even 
though there may be periods of transient improvement. Partial 
or complete blindness may occur in some cases. Lymphomata 
occur in а certain percentage of cases. 3 

Susceptible fowls.—The disease is apparently limited to chick- 
ens. All common breeds are susceptible, and both sexes are 
affected in about the same proportion. 

Invmunity.—That there is apparently а high degree of natural 
immunity possessed by some fowls is indicated by several facts. 
First, only about 25 per cent of inoculated fowls develop the 
disease; second, the “disease is so mild in some cases that the 
symptoms may be entirely overlooked; third, the spontancous 
infection does not infect the entire flock but apparently is con- 
fined to only the more susceptible fowls. 

Pathology.—To Pappenheimcr, Dunn, and Cone belongs the 
credit for a comprehensive study of the anatomical changes pro- 
duced in fowls by this disease, According to these authors— 
in the peripheral nerves, the essential feature is an intense infiltra- 
tion of lymphoid, plasma cells, and large mono-nuclears. This is ac- 
companied by a myelin degeneration in the more advanced lesions, but 
the cellular infiltrations appear to precede the degenerative changes. In > 
the brain and cord and meninges, there are similar infilts ations predomi: 
nantly perivascular, Infiitrations of the iris witb lymphoid and plasma 
colts are found in the cases showing gross discoloration of the iris. Vis- 
Geral Iymphomata, originating in the ovary, are associated in a certain 
percentage of the cases. Evidence is presented in favor of the view that 
this association is not accidental and that the Iymphomata are a manifes- 
tation of the disease. 

Control measures, 
disease has been presented, isolation of infected birds and qua- 
rantine of healthy birds seem to be indicated. 

May 8, 1928, Pappenheimer(2) sent the following personal 


communication to the author concerning fürther experiment 
that he had performed: кы 


Kine Spangled Hamburg 0-day chicks, were ipocul 
Were inoculated with ӨЛ cubic 
centimeter of Berkefeld N filtrate (ground in sterile Tyrodes olucion) of 


‘ ‘ 
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< cord ard brain ganglia of a typical paralyzed fowl. Eleven of the каше 
hatching received,in addition 0.1 cubie centimeter of а freshly prepared 

* section of ebryo extract ја the hope that this addition might activate 
Tie vi шз “е controls, sixteen in number, received the embroyonic extract 
alone. These controls were thought necessary to exclude the possibility 
that the particular embryonic extract used might carry the virus. The 
reason for choosing the Spangled Hamburg strain was that in our work 
^£ Storrs, we found this variety to be particularly susceptible. 

Tho results of this experiment were entively negative both эз regards 
the transmissibility of the disease by the inoculation of the filtrate alone, ог 
with the addition of the embryonic extract, Our controls also remained 
free of paralysis. While this is only a single experiment, it obviously 
offers no support for the virus hypothesis. One thing that we did learn 
from study of this series was the frequency with Which perivascular Јуте 
Phoid accumulations "тау be found in the brain cord and ganglia of эр. 
parently healthy normal fowls, In the brain they were present in over 20 
рег cent of the chicks and in the spinal cord in 13 per cent. Ihave reached 
the conclusion that the presence of these lymphoid foci cannot be taken 
as evidence of encephalomyelitis, Of course, their occurrence makes still 
more difficult the interpretation of the lesions. 
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P PHILIPPINE FOWL DISEASE 


What is believed to be a new disease of fowis recently ap- 
peared in the Philippines. Тһе epizodtic began in September, 
1927, and proved to be highly contagious. The first cases of 
the disease appeared in Manila. The infection spread rapidly 

„ over an area having а radius of about fifty miles with Manila 
as the center. By February 1, 1928, it had been estimated that 
wt least fifty thousands fowls had succumbed as a result of this 
discase. Both males and females are affected, and fowls of all 
ages are susceptible. Тһе disease has been prevalent in chick- 
› „ons, and a few cases have been noted in ducks and geese. 

Symptome.—The onset of the distase is sudden. Chickens at 

first show an indisposition to move about, preferring to sit or 

= stand quietly in a secluded spot. Very early in the course of 
the disease there is a diarrhea which gradyally improves if the 
fowl is to recover. Gasping for air associated with jerking move- 
ments bf the head downward and backward is a characteristic 
symptom, This is taused by large quantities of teracious тц. 
cut which obstruct the posterior nares and pharynx. Мапу 

2 fowls die of suffocation early in the course of the disease. Ex- 
cessive thirst is noted’ in many cases, and the crop is often filled 
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with large quantities of water and mucus as well as foul-smel- , 
Jing gas in some instances. En ; 
Occasionally there is a bloody diarrheal, but this is wot а com- 
mon symptom. The fowls usually die within one to seven days 
following the onset of symptoms. IF the fowl is to recover from. 
the disease the mucus in the nose and throat disappears, but 
there gradually develops a paralysis of the legs wi ich may be 
either unilateral or bilateral. Of the fowls that recover from 
the acute symptoms and develop paralysis only а small per- 
centage, about 5 per cent, fully recover from (ће рагу Pa- 
valyzed fowls may live foc indefinite periods provided they are 
fed by hand and givin water at regular intervals by а medicine 
dropper. Fully 99 per cent of fowls develop’ paralysis if they 

survive the acute stages of the disease. 

‘The Philippine fowl disease is similar in some respects to other 
diseases known to occur in fowls, It is similar to infectious 
bronchitis of fowls in that there is the characteristic posture of 
the sick fowl, head extended, beak open, and a gasping for breath 
in both conditions. The paralysis somewhat resembles the chick- 
en paralysis disease of fowls which has been deseribed by 
Pappenheimer, Dunn, and Cone but is different from this dis- 
case in many of its other clinical manifestations, In the early 
stages the Philippine fowl disease resembles both infectious and 
nutritional roop. It is similar to fowl pest, especially in the 
per-acute cases which dic within twenty-four hours, Fow} pest 
is transmitted to healthy fowls by minute quantities of blood, 
but this discase is not so transmitted. 

Pathotogy.—Only the gross changes have been studied. The 
disease is essentially an infection of the alimentary tract. In 
ali cases there is а periesophageal inflammatior that may int 
yolve the crop and extend throughout the entire iength of the 
cesophagus, ‘This inflammation is accompanied by haemorrhages 
which vary in size from small petccheal hemorrhages to large 
hemmorrhagic streaks or extravasations of blood, The changes 
in the intestinal tract are hamorrhagic in nature and vary groat- 
ly in degree. Pelecheal hemorrhages are also found on all the 
serous membranes. , The eyes, nose, and throat are all filled 
with а tenacious glary mucus during the first days of the dis- 
саве, and the crop frequently contains large quantities of this 
material, Histologic studies have been made only of the brain 
and cord taken fromsfowls during the stage of paralysis, but 
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with large quantities of water and mueus as well as foul-smel- 
ling gas in some instances, . 

Occasionally there is a bloody diarrhælı, but this is\got а сот- 
mon symptom, The fowls usually die within onc to seven days 
following the onset of symptoms. 1f the fow? is to recover from 
the disease the mucus in the nose and throat disappears, but 
there gradually develops a paralysis of the legs which may be 
either unilateral өс bilateral, Of the fowls that recover from 
the acute symptoms and develop paralysis only а small per- 
centage, about 5 per cent, fully recover from the paralysis. Pa- 
ralyzed fowls may live for indefinite periods provided they are 
fed by hand and givbn water at regular intervals by a medicine 
dropper. Fully 99 per cent of fowls develop! paralysis if they 
survive the acute stages of the disease. 

The Philippine болу) disease is similar in some respects to other 
diseases known to occur in fowls. 1t is similar to infectious 
bronchitis of fowls in that there is the characteristic posture Gf 
the sick fowl, head extended, beak open, and a gasping for breath 
in both conditions. The paralysis somewhat resembles the chick- 
en paralysis discase of fowls which has been described by 
Pappenhehner, Dunn, and Cone but is different from this dis- 
ease in many of its other clinical manifestations. in the early 
stages the Philippine fowl disease resembles both infectious and 
nutritional roop. It is similar to fowl pest, especially in the 
per-acute cases which die within twenty-four hours. Fowl pest 
is transmitted to healthy fowls by minute quantities of blood, 
but this disease is not so transmitted, 

Patkology.—Only the gross changes have been studied. The 


disease is essentially an infection of the alimentary tract. In- 


all cases there is а periesophageal inflammation that may int 
volve the crop and extend throughout the entire length of the 
esophagus. This inflammation is accompanied by hemorrhages 
which vary in size from small petecheal hemorrhages to large 
hammorthagic streaks or extravasations of blood. The changes 
in the intestinal tract are haemorrhagic in nature and vary great- 
ly in degree. Petecheal hemorrhages are also found on all the 
serous membranes. The eyes, nose, and throat are all filled 
with a tenacious giary mucus during the first days of the dis- 
ease, and the crop frequently contains large quantities of thi: 
material, Histologic studies have been made only of the brain 
and cord taken from«fowls during the stage of paralysis, Éut 
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no definite changes have been found so far in the small amount 
of materiaiythat has been examined. 

7Etiztogif of the disease—No bacterial incitant of the disease 
has been recovered frofu infected animals. The discase can be 
transmitted to healthy fowls by feeding the washed tissue of the 
intestinal wall. The disease can also be transmitted by subcuta- 
neous inoculation of an emulsion of the intestinal mucous mem- 
brane which has been passed through a Berkefeld N filter. 
Rodier(1) infected ten of eleven fowls which he inoculated 
with a Berkefeld filtrate of the intestinal mucous membrane. АН 
developed typical symptoms of the disease, with the exception 
of one, In another experiment thirteen fowls were inoculated 
with a Berkefeld filtrate of an emulsion prepared with the con- 
tents of the crop. Ten of these fowls developed typical symp- 
toms of the disease, while three appeared to be resistant, Тһе 
virus is apparently present in the blood stream of infected fowls 
only in the early stages of the disease. Bacteria isolated from 


(Же fæces of infected animals appear to be innocuous. Injec- 


tion of liver, kidney, and lung tissues from infected fowls into 
healthy fowls produces the discase in some instances. Bile in 
one instance has proved infective. Brain emulsions prepared 
from brain tissue of birds that have died of the disease have in all 
instances proved negative. 

No attempt to cultivate the virus of this discase has as yet 
been made. From these preliminary experiments there appears 
to be strong evidence that this disease is caused by a ülterable 
virus and represents a disease of fowls heretofore unknown. 
Since January the spread of the disease has been effectively 


“checked by rigid quarantine measures. The causative filterable 


virus has been passed serially through a large number of fowls 
and a more compiete study of the virus, the disease, and its 


pathology is contemplated. 
What appears to be 2 similar if not identical disease was re- 


ported by Doyle(2 in England ің June, 1927. In any event if 
these two diseases in fowis should prove to be identical they 
were observed independently by these two investigators in dif- 
ferent parts of the world. . 
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ILLUSTRATIONS 


Piae 32 ( 


Fic. 1. Chicken pow. Epithelial preliferationston the comb, on the wat- 
ides, and near the corners of the mouth. (After Hutyra and 
Marek.) 
2. Fowl diphtheria. Heavy, dry, caseous deposits in the left corner 
of the beak; small deposits on the tongue. (After Hutyra and 
Marek.) 
3. Chlamydozoon (Strongyloplosma) avium. Smear from buccal 
mucous membrane of a pigeon having fowl diphtheria (Giemsa 
staining), After Hutyra and Marek.) 


Piata 33 


Fie, 1. Fowl paralysis. Posture assumed by chicken in one stage of pa- 
ralysis. (After Pappenheimer, Dunn, end Cone) 

2. Fowl paralysis. Posture assumed Ву chicken in one stage of pa- 
(After Pappcnheimer, Dunn, and Сове.) 

is. Dissection of spina! cord and brachial plexus" 


а typical case of fow) paralysis. On the right side there is 
massive nodular thickening of the nerve trunk extending into 


the corresponding segment of the cord. (After Pappenheimer, 
Dunn, and Cone) 


(Pir, Joven, Scr, 39, 1-4 


Figs. 1 and 2. Postures assumed by chickens la fowl paralysi. 3. Dissection of wi 
And brachial plenis in atypical сазе of fowl ғанша. On the right aide there i» massive 
ager Wickerina of the nerva trunk extending into the corresponding segment of the ca 


PLATE 33. FOWL PARALYSIS. 
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CHAPTER ХИ 


FILTERABLE VIRUS DISEASES OF INSECTS 
SACHROOD DISEASE ОР BEES 

Definition?—Sachrood is an insictous infectious disease of the 
brood of hers. According to White(:) the disease docs not at- 
tack adult bees but infects larva. Tt is caused by a Biterable 
virus, , 

History.—For our knowledge of (he true nature and etiology 
of this disease же are indebted to White. In this author's Ais- 
torical account of the disease it appears that as early as 1857 
Lengstroth (2) recognized two types of “foulbrood,” (ге dry and 
the moist, Waite believes that the dry foutbrood deseribed dur- 
ing the last century might easily have been sachrood. Like- 
wise a brood disease described by Doolittle (3) іп 1882 as sim 
yet different fro» fouibrood, may have been sacbrood disease. 
In White's opinion the disease described by Jonest!) iz 1883, 
which was somewhat different from the genuine fouibrood, was 
also probably sacbrood disease, Later reports of brood disease 
by Cooks) (1904) in California, Burri(é) (1906) in Switzer- 
Jand, and Kursteiner(?) (1910) of Switzerland, are all cor- 
sidered by White to have been instances of sacbrood disease. Up 
until this lime по name had been given to the disease, though 

ı in different parts of the world dead brood resembling foalbrood, 
yet differing 4 is disease, had been observed. In 1913, 
after a careful study of this disease, White ascribed % it the 
name of sacbrocd because of the sacklike appearance of the 

‚ „dead larva. Since then it has been known by thai name. 

Distribvtion—The disease Каз been reported from various 

parts of Germany, Switzerland, Australia, Denmark, England, 
+ and the United Slates, It is probable, according to While, that 
ташу reports of so-called “pickied brood” оГ bees, a disease 
originally described by Howard(@) in Texas аз being caused by 
a fungus, Aspergillus pollini, were in reality instances of sac- 
brood disease. In Avhile’s experience “pickled broqd” disease 
ofrboes has never been mot with and probably does not exist. 

Tha virus of eucbrood disease-—In 1308 Dadant(9) exprossed 

f that sacbrood disease is infectious. Subsequent work 
у оз» 
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by White has proved that this is so. In 1913 this author de- 
monstrated that the disease could be produced at wil! by feeding 
the crushed tissues of larvae dead of sacbrood, sts 

sugar sirup, to healthy colonies. Мо demonstrable mi 
isms could be found either by microscopic or cultural methods 
in the crushed larval tissue, yet Berkefcid filtrates of this 

when added to sugar sirup and fed to health colonies produced 
the disease. Filtrales prepared with the Pasleur-Chamberland 
filter were also found io contain the virus and produced 4 
disease in healthy colonies. From these experiments of White 
it may be concluded that the cause of sacbrood disease of be 
is а filterable virus. According to this author the virus cn- 
tained in one dead larva is sufficient to produce the typical di 
ease in at jeast 3,000 healthy larvas It was further demon 
strated that the virus of sacbrood when suspended in water and 
heated to 69° C. was destroyed іп ten minutes. Тһе virus when 
suspended in honey and heated to 70% C. was destroyed wi 
ien minutes. The virus of sacbrood resists drying at room tem- 
perature for about three weeks. Direct sunlight destroys it 
in from four to seven hours. The virus remains viable when 
Suspended in houcy and protected from light for nearly onc 
month, Fermentative processes in sugar solutions containing 
the virus of sacbrood destroys it within a few days, The virus 
is not destroyed within three weeks by a 2 per cent solution of 
carbolic acid. The virus of sacbrood has not been cultivated, 
and little is known of its nature. 

Incubation period of ssebrood,—In the exporience of White 
the frst symptoms of the disease appear after inoculation of 
healthy colonies with infected material, in five to six дау 
may be regarded as the period of incubation for the 

Symptoms.—As White points out 
in the matter of diseases in pra 


1 apiculture the bockeeper is interested 
Prinari'y in the colony as а whole, and not in individua: bees. Therefore, 
be бетли the symptoms of a bee disease, the colony as a whole should 
be considered as the unit for description, und not the ‘ndividia’ he 

In general the first symptom of sachrood is the presence of 
dead’ brood, Irregelarity im the appearance of the brood 
nest may be noted. If many members of the colony are initially 
Infected, @ loss in strongth may be observed, Brood dying ог 
the disease. are usually found in capped cells before the pupal 
stage is reached. — * 
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White states: 

, It fs rare to find a puba dead of sacbrood. The larvae thet die are 
doud lying extended lengthwise with the dorsal side on the floor af the 
cell. They muy be found in capped cells or io cells which have been 
‘uncapped, as been о ед remove the caps from cells. containing dead larvae, 
+++ Sometimes а cap has a hole through it which suggests by its position 
and uniform circumference that it has never been completed. ‘Through 
such an opening or through one of the larger punetures the dead larva 
may be seen within the сей. The larva recuntly dead of saebrood is 
slightly yellow, The eolor in a few days changes to brown. The shade 
deepens as the proceas of decay continues, until it appears ia some instances 
almost black. + if the dead larva is not removed, its surface through 
Evaporation of its watery content, beeomes wrinkled, distorting its form. 
Further drying results in the formation of the "scale." This scale is 
not adherent to the cell wull. 

Xo signs in a larva dying of saebreod have yet lwen discovered by 
Which the exact time of death may be determined. As tha larvae im this 
disease usually die during tho time when thoy are motionless, lack of 
movement cannot be used as an carly sign of death, in this description. 
it is assumed that the larva is dead if it shows a change in color from 
Siuish-white to yellowish or indicatiuns ef u change from the normal 
turgidity {о a condition of faccidity, 

The appearance of а lura dend of sucbrood varies from day to day, 
changing gradually from that of a living healthy larva to thut of the dried 
residue—the scale. А description that would be correet for а dund larva 
on one day, therefore, may und probably would be incorivet for the same 
larva on the following duy. Morcvver, all larvae dead of the disease do 
not undergo the seme change in appearance, causing another considerable 
range in variation. 

White has divided the changes in the larva infected with sac- 
brood into five arbitrary stages, and the reader is referrod to 
„his original work for a detailed account of these changes, “б. 
Эре it to say that the virus of sacbrood remains viable through 
the second stage but thereafter is found to be innocuous when 
healthy colonies are fed with such matorial, 

Immunity in sacbrood disease of beee.—Under the heading of 

* ‘predisposing causes White has touched upon this subject, Tt 
‘appears from this author's work that adult bees are not directly 
„Susceptible to the disease. Pupe are rarely affected. The lar- 
væ are most susceptible and usually become infected about, two 
days before the pupal stage. Both worker dnd drone larva are 
susceptible, White states that queen larvee apparently are also 
susceptible, although this point has not yet been completely de- 
mogstrated. No racial immunity has been established, There 
are probable differences in degree of susceptibility. White con- 
cludes that blacks are more susceptible than strains having Ita- 
Бап Рјода in them, Climate is not known to have amy bearing 
soran 
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upon the appearance of the disease, and the experimental dis- 
ease has been produced by White without relation to season. 
Quality or quantity of food is said to have little if any beariag 
upon the appearance of the disease. Colonies tend to recover 
from the disease without treatment. 

Pathology.—The anatomical changes produced by this disease 
in the larva arc quite characteristic. The gross appearance of 
the larvae after death has been described. According to White 
sections through one of these Jarvæ shows that the bulk of the 
body is composed of fat tissue. The fat cells are irregular in 
outline with an irregular-shaped nucleus. Black-staining sph 
ical bodies are to be found within the cells. This gives the con- 
tents of the larva a granular appearance, During decay there 
is a considerable intercuticular space which is filled with a coagu- 
Jable fluid. The body wall of the larva has a cuticula, a hypo- 
dermis, and a basement membrane. liypodermai cells may ім 
found іп the mass content of the larval remains, Other cellular 
elements such as œnocytes and unidentified cells larger tii 
fat cells ave also found. The cenocytes do not contain the dark- 
staining bodies such as are found in the fat cells, The fove- 
going cellular composition of the larval remains taken together 
with cells coming from various organs make up a composite 
affair, The granular appearance of the mass is duc chiefly to 
the fat colis suspended in liquid. ‘The nature of the dark-stain- 
ing bodies found in these cells is not definitely known. Possibly 
they may be related to other inclusion bodies that are character- 
istic of several filterable virus infections. 

Control measures.—Tho modes of transmission of this disease 
within a colony and from colony to colony is little understood. 
Tt is theoretically possible that the virus may be transmitted from 
contaminaled flowers or by water supply or even by visiting bees, 
but these possibilities have not been determined. According to 
White, robbing may possibly be a means of transmission since 
robbing occurs when the colony is weakened. No suitable or 
cient methods for the control of this discase have been suggested, 
Entire colonies may be wiped out with sacbrood, but this ig the 
exception; the tendéncy is for the colony to recover. In this 
respect the prognosis is good. 
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WILT OF THE GYPSY-MOTH AND THE EUROPEAN 

CATERPILLARS 


POLYHEDRAL DISEASE OF CATERPILLARS 


Definition. —-The wilt disease of gypsy moth is an infectious 
disease of caterpillars that is characterized by a disintegration of 
the tissues of the caterpillar in which are found myriads of poly- 
hedral bodies of various sizes. The disease is caused by a fil- 
terable virus. 

History and distribution. According to Glaser(1) the gypsy 
moth was first brought to the United States, Medford, Mas- 
sachüsetts, in 1869. It is said not to have become serious until 
1889. This author has found mo account of the wilt disease 
affecting the caterpillar prior to 1900, and there is still much 
speculation as to how and when this disease was introduced into 
the United States. Glaser believes that the wilt disease of the 
European nun moth, Wipfelkrankheit, may be identical, with 

the wilt disease of the gypsy moth and that it may have been 
Introduced frm Europe on trees and shrubbery or other ma- 
terial. Since caterpillars which dic of the discase are found 
disintegrated and dried on trees this explanation seems possible. 
Glaser states that “this seems very likely in the light of recent 
investigations by Escherich and Miyajima,(2) and Prowazek(3) 
on the long resistance to drying of the virus of Wipfelkrankheit 
and Gclbsucht" This idea is further supported by the fact that 
in caterpillars dead of both the wilt disease;of the Furopeaa nun 
moth and the wilt disease of the gypsy moth, the characteristic 
polygohal or polyhedral bodies are found in the tissues. 

In 1905 the Siate of Massachusetts and the Federal Bureau 
oft Entomology imported parasites and natural enemies of the 
gypsy moth from Europe and Japan, The wilt disease may have 
been introduced with’ these parasites. The first report on the 
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wilt disease of the gypsy moth was published т 1907, by Howard 
and Fiske.(4) The author also points out that the wilt disease 
of the tent caterpillar and that of the gypsy moth тау possibly 
be identical and that the Jatter insect may-have become suscepti- 
ble to the discase of the former. However, there is no experi- 
menial evidence of the identity of those two discases. 

In 1915 Glaser reported that Maine, New Hampshire, Mas- 


sachusetts, and Rhode Island were all infested with the gypsy 


moth, and the wilt disease was known to be present these 
areas. The gypsy-moth caterpillars mature in July, and afier 
they have exfoliated the trees, they are exposed to the direct r 
of the sun. Also thera is naturally a lack of food. These fac- 
tors contribute to the spread of the disease by lowering th 
resistance of the caterpillars. It ін believed that tke sunlight 
can convert the chronic form of wilt into the acute form. 

The virus of wit disease of the gypsy-moth cuterpillar.—Ac- 
cording to Glaser's experiments caterpillars fed with Berkefeld 
filtrates of material from caterpillars dead of wilt disease develop 
the affection. The filtrates contain neither bacteria nor polyhe- 
ага! bodice, усё the typical disease is produced and the ‘infected 
caterpillar contains large numbers of the characteristic poly- 
hedral bodies. ‘These bodies have been found in both the wilt 
disease of the European nun moth and in the wilt of the gypsy- 
moth caterpillar. The average size of these bodies is from 1 to 6 
microns, The limits of variation are from 0.5 to 15 microns. 
‘They are shaped like a polyhedron with rounded angles and are 
never spherical, An actual geometric outline has not been ob- 
serve? by Glaser, as in the case with the worm polyhedra that 
are almost perfcet octahedra. ‘These bodies are highly refrac- 
tive, and the center is denser than the periphery. Onionlike 
concentric layers are sometimes observed. Оп pressure in а 

lass-slide preparation these bodies crack into a number of 
pieces. This sometimes occurs spontaneously without pressure. 
Pigment granules that resemble bacterial forms are found in 
smear preparations, True bacteria are rarely found. in fresh 
preparations very minute dancing granules inat may come from 
the polyhedral bodies are to be seen, Within pathologic nucle! 
very minute dancing granules can be seen. Glaser suggests that 
these granules may be particles of degenerated chromatic or 
achromatis substance, but he is inclined to the view that ther 
represent extremely “minute microorganisms. These granu.cs 
may represent the vegetative stage of the polyhedral bodies or 
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hedra may be а secretion of а minute organism con- 
tained within’ These: small dancing granules, howev T, are 
found in the Berkefeld filtrates, while the polyhedra and other 
organized structures are removed, Glaser states: 

As long as there is no evidence, however, that the polyhedral bodies are 
directly related to the filterable virus or to the little granules, the view 
that they are reaction products appeals more strongly. 
vades the nuciei of the hypodermal, fat, tracheal matrix, and kood cells, 

d the polyhedral bodies arise, perhugs, as by-products of nuclear di- 
gestion and d:Sintegration. 

The polyhedral bodies are found within the nuclei of the 
hypodermal, fat, and blood cells, and also within the nuclei of 
the tracheal matrix cells. Stained sections demostrate that they 
originate here, but Glaser was unable to find them present іп 
the nuclei of the muscles, Malpighian tubes, ganglia, or nerves. 
Further, such bodies have not been demonstrated within the 
nuclei of gland ceils, While the true significance of the poly- 
hedral bodies is at present little understood, it appears that they 
may be related to so-called inclusion bodies which have been 
described in other diseases. The minute dancing granules ob- 
served within the nuclei and the Berkefeld filtrate may be ctio- 
logically significant, Further study is necessary to decide the 
significance of these important observations. The polyhedral 
virus has not been cultivated; it is filterable through Berkefeid 
N filters but not through the Pasteur-Chamberland filter; it is 
destroyed by heating to 60°C. for twenty minutes and by dry 
heat at 70° С. for the same length of time; the virus resists drying 
at room temperature for two years; it is resistant to glycerin; 
it is destroyed by 5 per cent carbolie acid within three weeks 
dnd is destroyed by alcohol within a few minutes. The available 
data indicate that the virus of wilt disease is a living agent 
such as other ultraviruses having similar properties. 

Incubation period.—The incubation period in experimentally 
produced wilt disease of the gypsy moth varies from two to 
twenty-five days. Temperature appears to bear a very import- 
ant relation to this variation. 

Susceptible insects —The virns described by Glaser is infec- 
tious for the gypsy-moth caterpillar. In the author's opinion it 
із quite probable that the European nun moth is also affected, 
indeed may have heen first affected by this virus, айй through 
irdportation from Europe entered the United States. While 
there is a possibility that the tent caterpillar may also be affected 
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by this virus, there is no experimental proof bearing on the 
subject and in Glaser’s opinion this is unlikely. 7 

‘Tnmunity.—Genetic immunity of certain individuals is quite 
probable, and there js evidence that active immunization w 
sublethal doses of infectious material is possible. While it is 
probable (Glaser), there is no evidence that wilt is transmitted 
from one generation to another. . 

Pothology.—The histological findings in this disease may be 
summed up briefly as follows: The pathology of wilt does not 
vary with the age of the caterpillars; the polyhedral bodies 
originate in the nuchi of hypodermal, tracheal matrix, fat, and 
blood cells; minute dancing granules that stain with Giemsa’s 
stain are found within the nuclei of fresh diseased-tissue prep- 
arations; the intestinal сапа) is last to disintegrate as a result 
of the disease; according to Glaser two types of blood corpus- 
des exist in diseased caterpillars. The reader is referred to 
Glaser's original publications for a more-detailed description of 
these changes, 
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JAUNDICE OF SILKWORMS 
Сягозисни: Gnssaxix 


Jaundice of silkworms was first described by Nysten(i) in 
1808. The discase ің characterized by a turbid yellowish blood 
in the yellow and green races, and a whitish turbidity in the blood 
of the white races, Jaundice of silkworms is present nearly 
everywhere that worms are bred and has been prevalent in Ja- 
pan and parts of Europe, particularly, for many years. The 
Japanese speak of this disease of the silkworm as “Nobyo,” and 
the diseased worms are designated “Nosan” or "Umiko." Dan- 
dolo(?) in 1925 characterized the vaches, gres, or yellows as fol- 
lows: First the head of the worm swells, then the skin is drawn 
tight over the rings and shines as with varnish. The rings then 
swell. This is followed by the circumference of the aperture of 
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the stigmates becoming light or deep yellow in color, Finally 
“the worm voids а. yellow liquid which may be seen on the 
' leaves." 

Since ils first pti this disease has attracted the at- 
tention of mauy investigators, all of whom have added their 
observations of the malady io the literature. А review of the 
literature із given by Susaki(3) in a description of his work on 
this disease published in 1909-1911 and need not be recounted 
here, Since the carlicst dcseriptions of the disease there has 
been quite general agreement regarding its manifestations, al- 
though its etiology has long been a moot questio: 

Sasaki originally began his work on the jaundice of silkworms 
in conjunction with Bolle.(4) In 1894 Bolle pointed out that the 
polyhedral bodies found in the blood of silkworms dead of jaun- 
dice are in reality a species of Coccidw and in his opinion 
the real cause of jaundice in sillkworms. Later, in 1895, Sasaki 
described polyhedral bodies in ihe faity and muscular tissues, 
peritrachea] membrane, and silk glands of the worms and ad- 
vanced the theory that these bodies were formed within these 
organs and tissues as the result of insufficient respiration, Later 

i. studies on this discase by Sasaki, however, have led to the opinion 
that the polyhedral bodies are erystalloids and are formed within 
the organs and tissues as а result of certain diseases and un- 
healthy conditions under which the worms are bred, 

In 1896 Krassilschtschik(5} demonstrated the presence of a 
micrococcts in tho blood of worms having jaundice and concluded 
that this microbe, Mierococeus lardarius, is the specific cause of 
the discase. Again, in 1898, Bolle stated that he believed that 
- the polyhedral bodies (poledrischen Kérnehen) were parasites 
and the causeof the disease. He further deseribed their repro- 
duction and suggested the name Microsporidium polyedricum by 
which to designate them, Later, in 1903, Bolle showed that these 
parasites possess infective power for other insects, such as Bom- 

! Бух, Antherea, and Attacus. 

: Miyabara and Yanai, (6) Omori,(7) and Tamura (8) all agreed 

with Rolle that the discase was caused by a parasitic sporozoan. 

In 1907 Prowazck(9) described Chlumudozon bombyeis as the 

cause of jaundice of silkworms. During'the same year Conte 

‚ана bevrat(10) concluded as a result of their studies that the 

polyhedral bodies found in this disease are the products of de- 
generation of adipose and other tissues. , The precise status of 
the polyhedral bodies then is not settled. By some they are 
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regarded as the spores of Microsporidium polyedricum, by vthers 
as the reaction product of the coll to the presence of Chlamydozoa 
bombycis, and by others as the degeneration products of ceils. 

Sasaki regards the appearance of polyhedral bodies as a symp- 
tora of jaundice in silkworms rather tham a cause. He 
clined to the belief that the causes of jaundice in silkworms аге 
multiple since he has been able to induce the disease, with the 
appearance of polyhedral bodies, by decreasing respiration, by 
inoculating healthy worms with various strains of streptococci 
obtained from the blood of silkworms, by feeding healthy worms 
leaves on which formalin had been placed, and by feeding healthy 
worms with the leavés of Cudranie triloba and Taraxacum offi- 
стаде, plants more or less foreign to silkworms, 

The polyhedral bodies found in silkworms or pupa affected 
by jaundice are flattened, thin, many-sided plates; but they 
appear mostly six-sided. These bodies may be crushed by pres- 
sure between two glass slides. They frequently become crushed 
in drying and are broken up by temperatures ranging from 
140 to 150° С. These bodies are heavier than water and fall 
{о the bottom in water suspensions. ‘They vary in size from 
0.0066 to 0.008 millimeter in diameter. They stain with carbol- 
fuchsin, picric acid, and other dyes. They are noi affected by 
concentrated sulphuric or nitric acid, caustic potash, ether, or 
chloroform. Sasaki found that the polyhedral bodies in diseased 
worms that had been kept in alcohal for three years retained 
their normal shape. Пе regards these bo crystalloids. 

The polyhedral bodies are always produced within the nucleus 
of the cell and not in the cytoplasm. Sasaki states: 

Та the nucleus of some cells, there сап be seen сенат dots or granules 
having more or less angular or polyhedra? shape. In other cells, the nu! 
clcus contains more or less larger dots or grancles having polyhedral 
shape. These granules grow larger and larger within the nucleus, until 
the faiter is nearly filled with thom. Furthermore, the nucleus grows 
larger 1 it nearly fils the сей. In many cases, as a result of the 
abror Al growth of the nucleus, the membrane of the cell in which 
it is embedded ruptures, and the nucleus containing the granules becomes 
free and ix thrown into the blood; or at the same time with the rupture 
of {Кесе sembrano, the ruciear membrane breaks up too, and the gra 
mules contained in the nucleus are thrown out into the blood i 
E n ie b the sacs containing the polyhed 
which ire sien ја оой represent nuclei rather than cysts 

Microsporidium potyedricwm described by Bolle. The sam 


al bodies - 


3-4 MeKinley: Filterable Virus Diseases 329 


.. effect may also be given by blood cells which contain polyhedral 
bodies. « > 

¢ * "The symptoms of jaundice in silkworms appear usually in the 

fifth stage, Frequently the diseased worms appear at each molt. 

й Dead worms ог pups, imprisoned within their coccoons, often 

contain polyhedral bodies, and parasitic maggots that come out 

A of the silkworms or pups: also contain the crystulloids within 
their bodies, 

The etiology of jaundice in silkworms remains obseure, Sa- 
saki has beer able to induce symptoms of the disease by various 
methods, but a specific etiologic agent has not been discovered. 
Many investigators think this discase is cased by a member of 
the filterable virus group as evidenced by the inclusion bodies 
described by Prowazek. Careful filtration experiments will be 
necessary to substantiate this theory. 

Other filterable virus diseases of insects According to Pail- 
lot (1) polyhedral disease of the caterpillar of the black arches 
moth, Hymantria monacha, is also caused by a filterable virus 
as evidenced by the polyhedral bodies present in this affection 
which ate similar to those already described. Furthermor 

' ' there is a form of grasseri which affects the caterpillar of the 
largo, white, cabbage butterfly and also в nuclear disease af- 
fectitig this caterpillar associated with the presence of refrin- 
gent rings in the cytoplasm of blood cells and fat cells. Very 
little is known concerning these diseases, 
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ILLUSTRATIONS x 
Pure 38 ar 
Fic, 1. Marked sacbrood infection. (After White.) 
2. Heavy sacbrood infection showing a nu.nber of different stages of 
decay of lerem. Eggs, young larve in different stages of de- 
velopment, and diseased larvae in same area, (After W 


PLATE 35 


Comparison of a healthy larva and the remains of larvæ doud of sacbrood; 
а, cap of a healthy larva; b, с, d, е, and f, caps over larvie in 
first, second, third, fourth, and fifth stages of decay; g, а healthy 
larva; В, i, j, k, and 1, end views of five stages of decay; m, 
healthy jarvar л, o, p, 4, end r, five stages of decay from end 
view; а and y, healthy larva; t, x, v, w, and 2, stages of decay 
of larvæ removed from cells; ww, larva recently dead of sac- 
brood; г, scale; zz, larval remains; yy, almost a pupa; zz, pupa 
dend of sacbrood. (After White.) 


Prats 26 
Fig. 1. Healthy larva end cell viewed from above and at an angle. (From 
White.) 
2. Scale, or larval remains, in position in сей eut lengthwise, lateral 
view. (Prom White.) 
PLATE 27. Роцункона or СУРЗУ-МОТН CATERPILLARS. (ATIN GLASER.) 


Fic. 1. Silkworm polyhedron, after Prowazek. 
2. Two gypwy-moth caterpillar polyhedra adhering to each other. 

Fics. 3 to 10. Polyhedre of gypsy-moth caterpillar eracking to pieces 
11 to 18. Uzate crystals of ә gypsy-moth caterpillar. 

Fic, 19, Polyhedron of gypsy-moth caterpillar stained, showing a dark 

central mass. 

Polyhedron of a gypsy-moth caterpillar stained, showing refractive 

so granvles, 

21. Chromatic lump in middle of pathological nucicus of a gypsy-moth 
caterpillar. X 950. n ‘ 

22, Iron hematoxylin, showing stained polyhedra of gypsy-moth cater- 
pillar m a nucleus, x 950. 

23. Glemwa’s stain, showing unstained polyhedra of a gypsy-moth ca- 
terpillar in a nucleus and jittlo granules. x 950, 

2i. Fully formed polyhedra of a grpsy- moth caterpillar in а nucleus, 
x 950. 

35. Nuclear membrane rupturing and allowing polyhedra of a gypsy- 
moth caterpillar to escape. ҳ 950. 


PLATE 38. WILT of Суезузыотн CATERPILLARS, (AFTER GLASTR.) 


Fics. 1 and 2. Norma! blood corpuscles of the gypsy-moth caterpillar. 
3 ang, 4. “Mulberry” corpuscles of the gypiy-moth caterpillar, 
Fic. 5. “Mulberry” corpuscle of the SyPsy-moth caterpillar, «i 
cleus (crushed). 


6. Blood corpuscle of the gypsy-moth caterpi 
„а pillar, showing nucleus 
filed with polyhedra, А 
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у Fide 1. Healthy tare and с! from above and T angle. 2. Seale, or larval romains, 
or Bees. 


PLATE 36. Засаяос 
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Fig. 1. Obsessed sik gland from Jaundice of hv‏ 
ә бе bodies. 3? Polyhedral bodies; befor‏ 
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Diseased fatty ste, showing 
polyhedral bodies. 


PLATE ж D E 


3914 MoKinley: Filterable Virus Diseases 331 


Figs. 7 10 9. Blood corpuscles of the gypsy-moth caterpillar wth pha- 
gocytized polyhedra. 

Fic. 10. Cytoplasmic-free pathologie blood corpuscles of the gypsy-moth 
caterpillar, , 

Fics, 11 and 12. Crystals found in gypsy-moth caterpillars that died of 
the “other cause," 


Piate $9 
Fic. 1. Seetion of the diseased silk gland from jaundice of silkworm, 
(After Sasaki.) 
2. Sectionsof the diseased fatty tissue, showing various stages of 
polyhedral bodies. (After Sasaki.) 
3. а, Polyhedral bodies; b, deformed polyhedral bodies, (After Sa- 
әкі) | 


CHAPTER ХИ 
FILTERABLE VIRUS DISEASES OF FISHES 


Very little is known regarding the filterable virus diseases of 
fishes. Practically no experimental work has been сопе on these 
iseases further than to recognize and describe some of the 
various diseases of fishes and to ascertain methods for their 
control or eradication. Fish culture is very important to the 
economy of a nation, and in some countries it has been developed 
upon a very extensive scole, This has made possible the ob- 
servation and study of many of the affections of this group of 
animals, and for the most part the diseases of fishes have been 
found to һе caused by bacterial infections or related to other 
parasites, nutrition, physical phenomena, and environment. 

There are three diseases of fishes that have been thought to 
be caused by filterable viruses. The study of these diseases 
has been very limited and information concerning them is ex- 
ceedingly meager, In the fight of our present knowledge it 
would be better perhaps to classify these diseases with the af- 
fections of “obscure etiology." However, since these three dis- 
eases of fishes have been classified by some investigators with 
the filterable virus diseases, they will be described briefly in this 
section. 


EPITHELIOMA OF BARBUS 


Epithelioma of fishes has been described by Keysselitz(1) as 
occurring upon the tip of the Moselbarben, or Barbus fluviatialis 
Cuvier. The tumor may be located upon any part of the lip, and 
very rarely it extends to the skin of the upper jaw. The epi- 
thelioma reaches the size of a pea, and usually there is only one 
tumor although in some cases there may be three or four. On 
cross section a tumor presents a round or oval base, and is cither 
a flat elevation with a slightly lobulated surface or a conical form- 
ation. Its color is the same as the lip, yellowish white, and 
frequently it is somev-hat eroded upon the surfaco, In a few 
cases Keyssclitz has obwrved these tumors measuring from 20 


to 35 millimeters. As a rule epithelioma of fishes occurs from, 


April to July. 


It is a gereral belief among fishermen that tu- 
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mors óccur in the spring but are not observed in the late summer 
or fal. + ' B 

Keysselitz has studied the histology of these tumors, and in 
sections stained with #hrlich's hematoxylin and Breinl’s stain 
for trypanosomes he has demonstrated minute bodies which he 
believes are Chlamydozoa. Не states that these nuclear bodies 
are comparable to the cellular inclusions of vaccinia, variola, 
epithelioma of fowls, molluscum contagiosum, trachoma, and 
rabies, and hat they consist mostly of nuclear substance ard 
are the reaction product of the cella to the invasion of minute 
Parasitic microbes—the Chlamydozoa. Due to these observa- 
tions this disease, has been classified with the filterable virus 
diseases, 

"The epithelial layer of the skin of the lip of a Barbus 35 cen- 
timeters in length is about 200 to 400 microns in thickness. 
There are among the epithelial cells numerous mucous cells 
Which are located in the upper and middie layers. The papil- 
le аге flat, Mitoses aro usually absent, but when present they 
are found only in the superficial layers. 

The sceretion of the cells when stained with hematoxylin does 
not take the normal blue color but is of а grayish shade. The 
function of the cell is altered by the disease process. Frequently 
the mucous celis are found in a stage of disintegration or hyaline 
degeneration, The leucocytes that are found within the epithe. 
Nal layers may also show this degeneration. Тһе papillm are 
elongated and pointed, reaching deep into the epithelioma. 

‘The changes found within the nuclei of the cells indicate that 
the process is progressive, In the beginning there are one, 

“two, three, ог four round or oval vacuoles within the nucleus. 
Ettimately the nuclei lose all of their chromatin with the excep. 
tion of the peripheral chromatin membrane and frequently small 
islets of chromatin within the nuclear body. Almost regularly 

* there are found one or two, and in some cases, three or four 
dark-staining, round, oval, or irregular bodies within the changed 
nucleus, These may show achromatic spots. These bodies may 
be nucleoli which have lost their tinctorial properties, The in- 
tranuclear inclusions begin as small bodies*about one mierbn in 
size and are surrounded by a transparent halo. These bodies 
‘can easily be differentiated from the wj. With hematoxy- 
lin these bodies take a more intensive blue than the nucleoli, 
Keysselitz believes that these bodies “later divide and grow 
larger. He states that he has seen as папу as eight of these for- 
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mations іп one cell. These bodies he believes represent foreign 
parasitic elements, the immediate reaction product bf which is 
the capsule consisting of plastin. Не believes that these bodies 
are similar to those found in carp рох, ‘ 

The theory of a filterable virus origin of epithelioma of fishes 
is based purely upon histologic evidence. The disease has not 
been produced experimentally in fishes with filtrates or even 
with unfiltered material taken from diseased fishes and admin- 
iutered to healthy fishes in an effort to induce the affection. For 
the present we must conclude that the filterable virus theory is 
only to be permitted upon the grounds of analogy because cer- 
tain intranuclear bodies are found, within the cells of the ері- 
thelioma, which are similar to inclusion bodies found in other 
diseases that are knows or thought to be caused by filterable 
agents. 

CARP POX 2 

Carp pox was known in the Middle Ages. It was described 
by Gessner(2) as early as 1563. Hofer(3) states that the dis- 
ease hecame more prevalent during the twenty-year period of 
1884 to 1904. ТІ author states that carp pox, somctimes 
called “mushroom disease,” occurs in carp and occasionally in 
other kinds of fishes, It is found in regions where carp are 
cultivated in ponds, especially where the water is seldom 
changed. Hofcr observed this disease in carp in many parts of 
Germany and Austria. He statcs that pox is the most prevalent 
disease of fishes. 

Symptoms and course of the disease Сатр pox is essentially 
a disease of the skin. It oceurs on the head, fins, and other 
parts of the body. It first manifests itself as. milky, glassy, 
cloudy, whitish spots, which are at first discrete but gradually 
become larger and may become confluent. The entire surface 
of the fish may be covered. Тһе lesions become elevated, being 
1 to 2 millimeters in thickness, smooth on the upper surface, 
and sometimes lobulated. They have a hard consistency and 
fec like cartilage. At times the growth contains black pig- 
mented stringy material that divides into fine branches. Та 
some instances the growth may have a reddish tinge, Tho cells 
of the epidermis are increased in number, indicating an active 
process. The thickening of the epidermis produces the cloudy, 
whitish appearance. , ‘The cpithelia cells also appear cloudy 
under the microscope. Between the epithelial cells are found a 
few leucocytes, When the spots have thickened, blood vessels 
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grow in, and when the tumorlike mass is removed it leaves a 
bleeding Surfdce. А similar disease has been described by 
Wierzejski(4) in which there is a secondary hypertrophy of the 
epithelium. This author describes the spots on the skin as 
mulberry ог cavliflowerlike, Hofer does not believe that this 
disease is carp pox. 

During the norma) course of the disease the pox spots scale 
off when they reach a certain thickness but appear again after 
а short img. They also appear again after they are scraped 
off with an instrument. In the aquarium it requires from six 
to eight weeks for the complete development and shedding or 
casting off of the pox scales. This proccss is frequently re- 
ferred to as desquamation. It is continuous in pox-infected fish- 
ез, and gradually lowers their resistance and energy. They be- 
come thin and atrophied and may finaliy die of the disease, On 
the other hand the disease may be benign and not affect ‘the 
growth. Very little is known of the nature of the disease except 
that pox-diseased fishes are found in the spring when the fish are 
collected and the ponds are cleaned. 

The virus of carp poz.—Thc causative agent of carp pox is 
not known. Hofer searched for years for bacteria and other 
Parasites in the lesions without result. This author finally con- 
cluded that the disease is not primary in the skin but that the skin 
lesions are symptoms of a disease of the internal organs. 
In the kidneys, and sometimes in the liver and spleen, Hofer 
found a parasite which he has designated myxosporid. This 
parasite exists in the form of irregularly formed amebalike 
bodies of various sizes in the parenchyma and tubules Ъ the 
kidneys. It ‘ identified by its spores, 10 to 16 microns in 
length by 8 (o 11 microns in width. Hofer describes polar 
capsules 5 to 6 microns in length by 3 microns in width. Тһе 
capsule possesses two membranes. Yellowish refractive bodies 
are aiso found in the organs of the carp, but their structure is 
indefinite. In these bodies ate fine brown or black granules. 
Their origin and composition is unknown, They occur in the 
stage where the spores are absent. These parasites (?) are 
found between and in the cells of the kidney and may cause death 
of the celis. Hofer states that they may be so numerous that 
the entire kidnoy consists of parasites. This author states that 
in the face of such heavy infestation of “һе kidney it seems likely 
that the waste products are deposited th the skin of the fish 
and that the irritation from such products causes the over- 
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growth of the epidermis. According to this view the skin lesions 
would appear to be secondary to infection of the interhal organs 
of the fish, particularly the kidney. Hofer believes that these 
observations will also explain the spread ôf the disease in ponds 
since the kidney parasites are eliminated by infected fishes and 
ingested by healthy fishes in their search for food at tho bottom 
of the pond. Hofer suggests that the parasites are eliminated 
in the faeces of infected carp, sink to the muddy bottom, and are 
talen up with the food by normal fishes. The саго digest the 
membrane of tho spore, and the sporozoites are then hatched. 
He further suspects that the sporozoite penetrates the mem- 
brane of the gut and is later deposited in the kidney and other 
organs. 

Locwenthalt) in 1907 described certain inclusion bodies in 
carp pox similar to those already described for cpithelioma of 
fishes, and upon these observations various authorities have clas- 
sified this disease with the filterable virus diseases, The exact 
nature of these inclusion bodies is not known, but their presence 
in the lesions of carp pox raises some doubt regarding the theory 
of Hofer as to the ctiology of this disease. It is known that the 
pox eruption regresses when the carp are placed in fresh 
running water. ‘The spots disappear but reappear again within 
а few weeks. Complete healing of a pox-diseased fish із im- 
possible according to Пост, but there is evidence of healing in 
both the skin Jesions and in the internal organs in some in- 
stances. Control of the disease depends upon a number of 
factors. Sanitation of the bottom of fishponds is essential. 
This is brought about by draining, exposure to the sun, treat- 
ment with lime, etc. When the pond is refille? with water, 
only healthy spawn shouid be introduc 

We may conclude from the information available concerning 
this disease that the exact cause of the affection is as yet un- 
known. There is presumptive evidence that the disease may be 
of a filterable virus origin as evidenced by the presence of inclu- 
sion bodies in the skin lesions. On the other hand Hofers 
‘theory, should rcecive огон consideration if only to rule it out. 

LYMPHOCYSTIC DISEASE 

Lymphocystic Фи fishes is of theoretical an. i 
interest becuse it affedis certain important and аат па 
The disease is communitalle and can be transmitted with ease to 
certain species, such as Ње Баз and the flounder, To Weis 
berg) wo ape indebted for a considerable portion of car 
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formation regarding the nature of this disease, its pathology 
^ and cause. Weissenbekg states that there are three periods in 
the investigation of this disease, In the first period investiga- 
tors described the giant mononuclear cells which appear and 
proliferate in the skin of the fish and considered these cells ova. 
In the second period these cells were considered parasitic pro. 
tozoans. In the last period investigators clearly recognized that 
these cells are clements belonging to the fish's body organism, 
elements thet hypertrophied аз a consequence of the stimulus о 
ап intracellular virus. 

Lymphocystic disease of fishes is charactarized by the appear- 
ance on the skin юѓ spherical nodules that somewhat resemble 
pearls. The nodules may occur singly or in groups, and fre- 
quently, in the latter case, give a cauliflower appearance and 
resemble the condyloma acuminatum scen in man. Each nodule 
is composed of а giant lymphocystic сей covered by connective 
tissue and epithelial cells, In some instances a group of cells, 
covered with epithelium, are joined together forming a tumor 
mass. The size of such tumors varies, In flounders they may 
be 2 millimeters in diameter, but they are usually smaller in 
bass. In Sargus they have been found as large as 400 microns 
in diameter, and Johnstone(?) found them to measure 320 mi- 
стопз in Solea. These nodules develop most commonly upon 
the fins, but may be found anywhere on the body. In the bass 
the lymphocystic cells are transparent, and the tumors appear 
gray and cloudy. The disease ordinarily develops to its fullest i 
extent in the aquarium in from seven to eight months, although 

ı jf becomes visible to the naked eye within two and а half to 
*hree months. Under experimental conditions it has appeared 
within nine days. Lymphocystic cells are found in the skin, 
in the deep connective tissue of muscles, ete, and on the bone , 
plates, and even in the spinal canal between the spinal cord 

“and the bones. Woodcock (В) has described these cells as oc- 
curring in the mesentery, intestines, stomach, liver, kidney, and 
ovary. Wherever they are found they are situated in the con- 

.. nective tissue, у А 

Lymphocystic disease of fishes is essentially chronie in its 
rourse, After seven or eight months whea the nodules are fully $ 
devgioped they tend:to regress or degenerate. At thig stage they 
appear as whitish nodules upon the skin./ Complete healing may 
take place and the lymphocystic cells пау be cast off, In this 


' case there remains ar area denuded of epithelium. The disease 
à . Й 
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is not serious provided it does mot involve any of the vital or- 
gans. In the aquarium many affected fishes die due to a mold in- 
fection of the tumors. This infection is known as “saprolegnia.” 
The chief effect of the disease upon the fish as a whole is to 
produce an emaciation. Weissenberg believes that the emacia- 
tion must be due to the disease since fishes affected with lympho- 
cystic disease and showing emaciation have been found in the 
Irish Sea. The disease can be produced at апу season of the 
year under experimental conditions, but there seums to be а 
certain seasonal irregularity in the natural infection that is little. 
known. In freshly ‘caught fishes one can note many different 
stages of the discase believed to be duc to reinfection. This 
is also noted under experimental conditions. 
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Microscopic picture of the lymphocystic сеЙ. According to 
Weissenberg a definite diagnosis of lymphocystic disease in fishes 
cannot be made without a microscopic examination, This au- 
thor describes the lymphocystie cell as follows 

There is a very definite membrane surrounding tho cell. The 
iymphocystic cell is a foreign cell just as a tumor cell is foreign 
to normal tissue. The lymphoeystic cell leads an independent 
life. The membrane із jellylike and elastic. It is thickened 
in old degenerated celf. In bass the membrane is more }ully 
developed. Jm youngér'ells the nucleus appears like а bubble 
filled with liquid, It is lobulated and kidrey-shaped, ессепігану 


2 
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placed with the hilus toward the center of the cell ‘The nu- 
cleus shrinks when thecells become 100 to 190 microns in diam- 
eter. In this stage a network surrounds the nucleus. In 
shrinking the surfacé of the nucleus folds over, and later it 
appears as if pseudopodía come from its surface. Still later (ће 
nucleus appears as multiple strands, with depressions between, 
floating in the plasma of the сей. This observation led Awerin- 
zew(9) to describe this phenomenon as “plastin branching.” 
With the shrinking of the nucleus there is a diminution of the 
chromatin material. In the latter stages the chromatin is found 
only on the inner surface of the cell membrane. 

‘The nucleolus is quite distinct in the lymphocystic cells as they 
occur in the bass. In old cella it is acidophilic, while the cell 
membrane is basophilic. The plasma is acidophilic, while the 
granular protoplasm їз basophilic. Within the plasma are seen 
vacuoles, particularly around the nucleus. Between the vacu- 
oles and around their outer surface is seen a pronounced granula- 
tion. Besides granules опе also notes very fine strands. The 
granules and strands are apparently lipoid in nature, Weissen- 
berg first thought that these granules represented the virus 
of the disease but later withdrew this opinion. Occasionally 
fat droplets are found. The network in the large lymphocystic 
celis surrounds the nucleus and in some places there are ciublike 
thickenings sprouting out. As the cell grows the network 
extends like latticework, As the network extends, its strands 
become thickened, increasing in thickness from 3 to 12 microns. 
In flounders the strands of the network may thicken to from 15 
to 25 microns. The network takes the nuclear stain. Tn places 
its strands arp vacuolated, the vacuoles being acidophilic. In 
older cells the vacuoles stain more intensively, and according to 
Weissenberg this may be considered the stage at which degene- 
ration begins. Joseph(10) has shown that later the surrounding 

+ epithelial tissue grows into the degenerated [ymphocystic cell 
and entirely fills the space within the membrane. The mem- 
brane, however, persists, 

The virus of lymphocystic disease and its transmission. 


22277 Lymphocystie disease of fishes was mentioned in the literatàre in 


1874 by Lowe(11) and in 1884 by MeIntosh.(12) In 1892 Sande- 
*mann(13) published a more-detailed description of the disease 
anu’ advanced the theory that the large РусиНаг cells were eggs of 
parasites. This view was later held by Zscehiesche(M) in 1910. 
Та 1904 Woodcock advanced the theory that the lymphocystic celis 
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are parasitic protozoans. He designated them Lymphorystis 
johnstonei Woodcock. A few years later Awerlnzeiv, іп 1907. 
confirmed these observations. This author while studying the 
metamorphosis of the cells during growth noted a peculiar cell 
inclusion which consisted of a network that stained like chroma- 
tin. Awerinzew believed that during the stages of development, 
dustlike particles of chromatin detached themselves from the nu- 
cleus and later arranged themselves into a network. He also 
thought that the giant cells divided into further secondary ата» 
boid bodies from which he thought spores were produced. In 
1914 Weissenberg published a report on lymphocystic disease in 
which he stated that the disease is due to the intracellular lacation 
of a virus that could not be microscopically demonstrated. In 
1921 this author published an extensive treatise on the entire 
subject and confirmed his previous conclusions in regard to its 
etiology. He states that when healthy and infected bass are 
placed in an aquarium, the healthy bass become infected and the 
previously infected fish show new formations of nodules. Fur- 
thermore, if the lymphocystic tumors were scraped off, emulsi 
fied, and placed in an aquarium containing healthy ba: 
disease developed in about two weeks. А possible criticism of 
such an experiment is, of course, that the fish might have. been 
infected before being placed in the aquarium. 

In one experiment Weissenberg transmitted the disease to a 
bass coming from fresh water. This was accomplished by con- 
taminating the aquarium with an emulsion of the !ymphocystic 
tissue. In another experiment four of six infected fish placed in 


water to which an emulsion of lymphocystie tissue had been | 


added, developed new nodules, Of five control fish from the same 
catch placed in fresh uncontaminated water only one developed 
the disease. The author believes that the virus responsible for 
the disease is contained in the lymph tumor cells. The discase 
has appeared as early аз nine days under experimental conditions. 
Weissenberg failed to induce the disease by direct inoculation of 
lymphocystic material into the skin of fishes. Ife states. that nine 
days after infection the typical network is not to be found, а1- 
though the celis are*already surrounded by а membrane, To- 
ward the end of the second week of infection a small spherical 
body differentiates itself within the сей wittont any relation to 
the nucleus. This body takes the nuclear stain. It changes 
into а disklike body andNhen passes through stages in which it 
markedly resembles the Guarnieri bodies cf the corneal celis of 


‹ 4 И 
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the rabbit inoculated with үлесіне virus, "This disk later develops. 


the network body is а specific reaction product compatable‘to the 
cellular inclusions of the Chlamydozoa diseases, In 1917 
Joseph came to the same conclusion independently while working 
with lymphoeystic disease in a different species, Sargus annularis. 
" Joseph also believed that the lymphocystic cells were not foreign 
but that they are the animal's own clements which hypertrophy 
1 аз a consequence of an intracellular virus, Joseph, contrary до 
the opinion'of Weissenberg, believes that it is not always the 
connective-tissue cell that undergoes lymphocystic metamorpho- 
sis but that it is the normal organ of the cell’ so called "centropho- 
rium,” that hype?trophies and becomes more visible. The term 

corresponds to our present concept of the Golgi apparatus, 
Weissenberg, however, has demonstrated quite clearly that the 
lymphocystic cells originate from the connective tissue. Не 
. states that the secondary ameboid bodies described by Awerin- 
zew were most likely degenerated cells invaded by leucocytes. 
This author calis attention to the observation by Calmette and 
Guerin that when vaccine virus is injected into the blood stream 
of rabbits and the skin is subsequently traumatized, the virus 
is localized in the skin at the site of the trauma, Gins, it will 
be recalled, was able to demonstrate Guarnieri bodies within 
three to seven days following intravenous inoculation of vaccine 
virus when the cornea was scarified, Weissenberg states that the 
lymphocystic disease develops earliest and most often on the fins 
where injuries are most likely to occur, The fact that suscep- 
* ble fishes may be reinfected indicates that little immunity із 

' produced, and, if any is produced, it is of very short duration, 
> ” Microscopically the virus has not been identified, It is without 
doubt present ín the lymphocystic tumors. Weissenberg suggests 
) that the virus rests within the lymphocystie cell and causes its 
б > , hypertrophy, Не states that the tinctorial character of the net- 
work is different from that of the Golgi apparatus and that the 
multiplicity of the original spherical bodies is against the соп- 
cept that it is a normal development of the cell, This author 
stands firm in his ‘belief that the network. represents a cellular 
inclusion in that it is similar in many of its stages to Guarnieri 
"bodies. (A network has also been described in the development. 
of the Guarnieri bodies.) Furthermore, in both the I/mphocystic 
network and in Guarnieri bodies there 2re'various sizes of bodies 
^, indicating different stages in development, 


into the notwork body., Woissenberg came to the conclusion that 
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Ail attempts to cultivate organisms from the lymphocysti: celis 
‘have been negative. It may be conclude@ from the available in- 
formation that the evidence supports the view that lymphocystic 
disease із similar in many respects to other filterable virus dis- 
eases associated with inclusion bodies. Мо filtration experiments 
have as yet been made with view of experimentally infecting sus- 
ceptibie fishes with this virus. It is to be hoped that such work 
will be done in the future in view of establishing the true nature 
of the etiology of this disease. 

A lymphocystic disease has been described by Gilruth and Bull, 
in an Australian kangaroo, Macropus species, which is thought 
to be caused by Safcosporidia. 
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CHAPTER XIV 


FILTERABLE VIRUS DISEASES OF PLANTS. 
INFECTIOUS CHLOROSIS 


s has been recognized 
times, Early writers attempted to explain the 
various diseases of plants upon the basis of superstition just as 
the diseases of man and animals were interpreted in this w; 
The history of the diseases of all forms of life is the history 
of human fallibility and error. Through the ages there have 
been magic, superstition, cults, and primitive modes of religious 
belief. Prior to the time of Plenciz (1762) it was a common 
belief that disease was transmitted through the air. Swampy 
land was of particular danger, This was known as the miasma- 
tic theory of the origin of disease. With the discases of plants 
as with the diseases of other forms of life we find records attri- 
buting these diseases to various superstitions, definite environ- 
mental factors, as drying winds, unfavorable soil, and so on. 
Later when fungi were constantly found to be associated with 
certain discases of plants, their presence was regarded only аз 
a special manifestation of the diseased condition such as рго- 
ducts of the changed sap of the plant. 

Phytopathology as a special branch of study is comparatively 
recent though its history begins with the civilization of man. An 
interesting account of the history of plant pathology is contained 
in a paper by Bailey.(1) Plant diseases such as blixhtings, rusts, 
mildews, and blastings are mentioned in biblical literature. 
These diseases were thought to be an expression of the wrath or 
disfavor of the Deity, Bailey states: 


‘The true etiology of disease in plants in these ancient days was for 
the most part buried deep in the mystery and superstition fom whioh 
it was a long time im being extricated. Legends were evolved to explain 
the maladies and diseases were dedicated to special gods, such mW the 
Roman rust gods, Rubigus and Rubigo, in whose honor annual festivals 
of propitiation were held. From 476 A. D. to the 
teenth century, which inchides the “Dark Ages,” was a dark a Phy- 
iopathelory, too, but inlerest was rin ian К үл 
this time among the farmers and agriculterists, 
was the philosopher who'speculated on the cause 
superstitions farmer offered up libations to the gods. 
зн | 


^ 
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Thare are still farnjers who plant certain crops by the dark 

of the monn apd in асрогдапсе with various local superstiticus. 

У In 1660, іп Rouen, France, the first law was enacted ff the 

purpose of controlling, a plant disease. This law provided for 

the destruction of the burberry, which was thought 16 bear some 

relation to wheat-rust. During the cighicenth century there was 

an attempt to classify and name the plant diseases. Many of 

the names adopted were similar to names of human diseases, 
such as plant cancer, fevers, tumors, etc. Bailey states: | 


It must be” remembered that all during this time any fungi found 
associated with disease lesions were considered not as causes of the 
disease, but as abnormal structures resulting from the disease that i 
morbid plant tissues, Although more emphasis was now laid on the causal 
nature of such enviromental factors as droughts und freezing, the etiology 
of plant diseases was still largely assigned to supernatural forces. Thos 
was ап occasional leaning toward the autogenetic theory of discuse, the 
plant being considered to have within it a disposition to disease, Unger 
(4883), а strong advocate of the awtogenctic theory, believed that fungi 
priginsted from tho diseased host tissues, but still he recognized them os 
distinct organisms worthy of names and classification, Не believed diseases 
Were brought about through internal disorganization of the nutritional 
Processes, having their orgia in a lack of certain chemical constituents 

" of the зар. The fungi, or entophytes as he called them, were the trans. 
formed sab of these diseased tissues, the morbid sap being exuded into 
the intercellular spaces and there converted under the influence of the 
still living cells of the host into fungus structures, 


Later, during the early part of the nineteenth century, mycolo- 
gists discovered that the fungi were independent structures cap- 
able of reproducing their kind by means of spores. It was not 

. until then, however, that the causative relationship of, these 
fungi to disease processes was recognized. In 1853 ре Bary 
demonstrated that certain rust and smut diseases are actually 
caused by fungi. Bailey writes: 

Perhaps the iast great stage in the development of phytopathology as 

> , un independent field of work was ushered in by the discovery of Bordeaux 
mixture in 1883 and the subsequent emphasis Placed upon the economic 
features of plant pathology. ... the fungicidal properties of Bordeaux 
mixture were learned quite by accident. Millardet, а young Frenchman, 
Was а physician who abandoned medicine for the pursuit of botany. 
‘White attempting to devise control measures with which to combit the 
devastating spread among the wine grapes of an introduced American 
*fungus-causing mildew, he accidentally observed the prophylactic effects of 
а mixture of copper sulphate and lime which had been sprinkled on grupe- 
Vines near the road to prevent stealing of the fruit. 
By pure culture methods and expeimental infections many 


fungi qssociated witi? diseases of plants were identified, classi- 
] > 
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бей, and their causal relationships to disdıse establisned. . Like- 
wise many diseases were found to be caused by bacterial forms 
Simher to those affecting man and animals. The latter half of 
the nibztecnth century was an important period in medicine. 
Following he discoveries of Pasteur and Koch new fields were 
opened for investigation and the foundation of modern medicine 
and surgery was laid. Hand in hand with developments in med- 
ical science were the discoveries and developments іп plant 
pathology. There were, however, a number of diseases affecting 
plants, as well as man and animals, for which no etiologic agents 
could be found. These were known as "physiological diseases.” 
These were thought to be caused by some functional or metabolic 
disturbance. As Smith(2) has stated, they are a heterogenous 
collection of phenomena, agrccing in nothing except that their 
cause is not known. 

Within the Jast forty years a voluminous literature has ac- 
cumulated on the so-called mosaic discases, a group of diseases 
which have certain features in common. This group of diseases 
presents evidence that they are caused by parasites, and there із 
now general agreement that these parasites fall in the category 
of the ultramicroscopic viruses, since no demonstrable organisms 
have as yet been found which cause them. Furthermore, the 
mosaic diseases of plants have many features in common with 
the filterable virus diseases found in other forms of life—mam- 
mais, insects, birds, and fishes. ‘They are readily communi- 
cable, and the sap from the diseased plant is capable of inducing 
the infection in healthy plants after it has been passed through a 
bacteria-proof filter, Аз in several human and animal diseases, 
the musaic diseases may be transmitted to healthy plants through 
the agency of insects. Б 
далы ts mosse itae of Ты Tie aoe RE 

ase is the mosaic disease of tobacco. The disease of tobacco 
manifests itself іп various ways. The plant may be entirely 
dwarfed or may show complete or only partial chlorosis, The 
leaves may show curling, dwarfing, mottling, blistering, and di 
tortion, In Nicotiana tabacum the pink flower may become 
bleached or blotched with white, The virus of mosaic disse 
of tovacco has never been seen. It is present in the sap of the 
diseased plant and may be transmitted аслары! the 

? : ed to healthy tobacco plants 
by rubbing the sap upon its leaves. Tho infecti 
ses througit ordinary bacteria-proof filters, | 
tobacco-mosaic virus ‘Allard (3) has succeed, 
infectious principle by 


ous agent, раз: 
bat in the case of 
eded in removing the 
means of the Livingstone atmometer 
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рогосв cup, The filtJate gives an intense peroxidase reaction. 
which indigates that ti це infectious principle is not ап enzyme іт 
nature, 

Mosaic disease affecjs a variety of plants. Furthermoze, there 
is thought to be a specificity of the infectious prinaples found 
in mosaic-diSeased plants of different families, indicating that 
there are several mosaic viruses. Among the plants that are 
affected by mosaic are tobacco, tomato, potato, cucumber, lettuce, 
spinach, sugar-cane, turnip, mustard, cabbage, banana, sugar- 
beet, cloverssweet-pea, bean, maize, and raspberry. Frequently 
other plants affected by mosaic disease have been reported. 

In this section it is our purpose to describe the mosaic disease 
of some of the most important of these plants and present some 
of the fundamental facts that have been learned concerning 
them, As we have previously pointed out it is important that 
investigators in the filterable virus field inform themselves of 
the fundamentals of these diseases as they occur in all forms of 
life. While this review has emphasized principally the human 
diseases of filterable virus origin, we have also been interested 
in similar diseases as they affect animals, insects, birds, and 
fishes. It is also important that we examine the filterable virus 
diseases of plants in order that we may determine the common 
points of convergence in the füterable viruses as they exist 
throughout nature. 


MOSAIC DISEASE OF TORACCO 


We are indebted to Allard(s) for an extensive study of the 
mosaic disease of tobacco. The work of this investigator has 
resulted in far-reaching conclusions in regard to the etiology of 

' this disease. In one of his publications Allard states: "Mosaic 
is one of the most serious and widespread diseases known to 
affect the tobacco plant.” This disease is known locally as 
“calico,” “gray-top,” "mottled top,” “mottling,” and “foxy.” In 

> › certain localities the terms "wallon," “chlorosis,” “brindle,” 
and “mongrel” are also used. 

The mosaic disease of tobacco is of particular interest because 

the first work on this disease, by Iwanowski,(4) is usually con- 

' sidered the corner stone of the study of ali-the filterable viruses. 

In 1892 Iwanowski discovered that filtrates of tobacco mosaic 

' remained active for several months at ordinary temperatures, 

These early observations of Iwanowski were later intiependently 

confirmed by Beijerinck, (9) who advanted the theory of the 

, possible existence of a "contagium vivum fluidum." In 1900 
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Heintzel(6) and in 1962 Woods(7) indepeldently concluded that | 
mosaic disease of tobacco is caused by oxidizing enzymes, р 
Henger() in 1905 published a treatise on the disease in which ) 
he refuted the theory of Heintzel and Weods that mosaic Of to- 
bacco is dte to enzymes, and suggested that the disease із . | 
brought about by certain unfavorable conditions of growth 
whercby toxins that lead to the appearance of the disease are Р 
produced within the plant, In 1914 Allard reported convincing 
evidence that mosaic disease is not of physiological origin but Я 
that it is caused by a specifie infection, Allard states: 

Both in Europe and America the mosaic disease of tobacco has been 
the subject of wide inquiry. Hitherto no investigator has been able to 
‘offer conclusive evidence which would consistently axplain the baffling 
mature and mysterious origin of the discase. Each in his own way, how- 
erer, has emphasized а favorite opinion, so that the literature of the 
disease is especially conspicuous for its widely contrasted theories. The 
view seems to be generally accepted that the discase is a physiological оғ 
functional disorder, although it has long been known that it is morc ог К 
les infectious. For this reason the writer's experiments were nt first 
planned along physiological Facts soon came to light, however, 
which led to the conclusion that the disease must be parasitic in its origin 
rather than physiologieal or functional. 5 

In regard to the symptoms of mosaic in tobacco Allard says | 
that the following symptoms are more or less characteristic of 
different phases of the disease at one time or another: Partial 
or complete chlorosis; curling of the leaves; dwarfing and d 
tortion of the leaves; blistering or "savoycd" appearance of the 
leaves; mottling of the leaves with different shades of green; . 
dwarfing of the entire plant; dwarfing and distortion of the — . Y 
blossoms; blotched or bleached corollas (in Nicotiana tabacum | 
only); mosaic sucker growths; and death of tissuzs (sometimes 
well marked in Nicotiana rustica). The character of the symp- * 
toms depends largely upon the age and vigor of the plants when 4 
they are infected. 

In young plants affected with mosaic downward curling of the `` . 
icaves із one of the first symptoms noted. Later depending upon < 
the conditions under which the plants are raised, there develop 
blisters or the so-called "savoyed" appearance and mottling. As, 
the plant approaches maturity the symptoms known as “mot 
Чед top" ог “gray-top” develop, As the disease develops, a 
great variety of changes are produced in the Jeaves of the piant. 
The blotchéd or mottled appearance of the leaves is character. 
мы Дешн: Distortions and irregularitics of growth 

. Plants vary in their response to the virus of Е 
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mosaic. Some аге apparently more resistant than others, Al- 
lard believes tllat the ekamination of the blossoms affords one of 
the surest indications of the presence of the disease in a tobacco 
plant, He says: , - 

Ав a rule, ih blossoms of mosaic plants the norma] pink coloration ix 
present only in lines, specks, or conspicuous blotches. In most instances 
these markings aro very irregular in distribution, sometimes involving a 
portion of allof the lobes of the corolla, А rather striking and symmetrical 
color pattern is sometimes afforded by a blossom in which the normal pigk 
coloration өссін only us а fine line in the sinus of each corolla lobe, Other 
affected plants produce blossoms ali of which are devoid of color, so that 
they appear quite white or very pale. 


In malignant forms of the discase the plants often produce 


depanperate and misshapen blossoms. Apparently these obser- 


vations hold only for the pink-flowered varicties of Nicotiana 
tabacum. Allard has not observed these symptoms in the green, 


ў Furplish yellow, red, or white-flowered species of Nicotiana. 


The symptoms of mosaic do not appear in ail parts of the plant 


at the same time. The symptoms may be localized or general, 
In the former case the only lesions may be a few scattered 
+ „ blisters upon an otherwise apparently healthy leaf. As the 
disease progresses it invariably becomes general in that it ap. 
pears in other immature growing parts of the affected plants, 


Local lesions may be produced in a number of ways, but the 


symptoms of the disease depend on many other factors, such as 

the resistance of the plant, its vigor, and environmental condi- 

+ tions. Allard was able to transmit the mosaic disease of tobacco 
Е to a great variety of solanaceous plants, but his efforts t com- 

б municate the disease to plants of other families always gave 
egative геи. From his transmission experiments he con- 


cludes that several species appear to be immune to the diseasc. 


Furthermore, in the susceptible group some species show a 


greater resistance to the infection than others. Allard inocul. 
' ated the following plants with tobacco mosaic, and symptoms of 


ы the disease developed: 


Nicotiana (all varieties of N. tabacum tested and many distinct species 
of Nicotiana). » H 

Lycoperaicon (several of the more distinct varieties of tomato). 

Petunia violacea ` 

Rhysalie {two distinct garden species). 

Datura stramonium and D, tatula. 

Hyoscyamus niger. 

Solanum nigrum and S. carolinense, 

Capsicum. (several о} the moredistinct varieties), 


сіслег о 
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Of the species of Nicotiana inoculate. with tobacco-mo: 
virus Allard was able to produce symptoins in Nicotiana silres- 
tris, М. rustica, М. longiflora, М. alata, У. plumbaginifolia, N. 
forgetiona, N. paniculata, and М. langsdorfii. Не was unable 
to infect N. glauca and М. vi 5 

‘The incubation period in mosaic discase of tobacco is variable. 
It deperids upon several factors, among which are the age of the 
plant, the kind of plant, and various external factors that may 
retard or accelerate growth. Woods reported eight days between 
the time of infection and the appearance of the first symptoms 
of the disease. This is one of the earliest periods yet reported, 
In Allard’s experiments the shortest period between inoculation 
and the appearance of the first symptom of the disease was six 
to seven days. Mayer(9) has reported an incubation period of 
ten to twelve days for the disease. On the average of тапу 
hundreds of experiments Allard believes that twelve to fifteen 
days is the usual period of incubation. 

According to some authors mosaic dísease of tobacco some- 
times disappears either spontaneously or under treatment, Both 
Beijerinck and Woods stated that under certain conditions plants 
sometimes appeared to recover from the infection. Lode- 
wijks (10) reports that he has been able to effect а cure of the 
diseased plants by treatment with blue light. By exposing a 
healthy part af the plant this author claims that an "antivirus" 
is produced that destroys the virus of the discase. Allard states 
that covering the affected leaves of the plant would reduce the 
color contrast of the mottled areas and that Lodewijks may have 
mistaken this for care. In thousands of plants experimentally 
infected by Allard there has not been а single recovery. Gite (11) 
reported the use of solutions of iron salts which he applied to 
the leaves of infected plants. He states that such salts and 
crystals of ferrous sulphate were effective in overcoming pinc- 


apple chlorosis in Porto Rico. In Allard’s experience this. 


method of treating mosaic disease of tobacco has been without 
beneficial effect. In general a rapid and extensive development 
of symptoms is coincident with rapid growth according to Allard, 
Any ‘conditions that retard growth will, it follows, prevent the 
further appearance of mosaic leaves and branches. 

Allard has shown that the excision of all portions of the plant 
showing mosaic symptoms does not rid the plant of the disease, 
Symptoms appear later,im the new growing portions of the 
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plants. In some instafices the excision of infected parts appears 
to hasten the develapthent of the disease in other parts. He 
states: “Plants showing mosaic symptoms only in the topmost 
leaves or even in the blossoms alone may be cut campictely to 
the ground, yet mosaic symptoms, often of the most malignant 
character, again appear in the shoots which arise from these 
stubs.” 

The virus of mosaic disease of tobaceo.—The sap from mosaic- 
infected tobacco plants remains infective after passing through 
а bacteria-proof filter, This has beon demonstrated by Iwa- 
nowski, Beijerinck, and Allard and repeatedly confirmed by other 
investigators, Ground and dried mosaic material remains ac- 
tive for over a year and a half. The virus was found by Allard 
to be preserved for four months in ether, toluene, and glycerin. 
Filtration of the mosaic-infected juice through Berkefeld and 
Ghamberland filters is followed by some loss in infectivity. Its 
infectivity is entirely lost when filtered through the Living- 
stone atmometer porons cup. In the latter case, however, the 
filtrate gives an intense peroxidase reaction with guaiae and 
hydrogen peroxide, When filtered through powdered tale under 
three inches of mercury Allard found that the talc, by absorp- 
tion, removed all of the peroxidase from the pure virus. By 
reducing the amount of tale the peroxidase content may be іп- 
creased until limits are reached beyond which the infective 
principle also pases into the filtrate. Some authors have found 
that the first portions filtered give an intense peroxidase reaction 
but are not infectious, while later portions contain the infectious 
material. Using the Hirsh porcelain funnel with pervbrated 
disks covered with filter paper to retain the tale, and filtering 
under reduced pressure of three inches of mercury, Allard found 
that the virus of mosaic is held back while the filtrate gives 
a strong peroxidase reaction. 

Eighty per cent alcohol destroys the virus in thirty minutes, 
but the material still gives a strong peroxidase reaction; 45 to 
50 per cent alcohol docs not destroy the virus for several days, 

However, the infectious agent is carried down in the precipitate 
with weak concentrations of alcohol leaving’the supernatant non- 
infectious. Тһе supernatant still gives, a strong peroxidase 
‘reaction. Chodat and Bach(12) have shown that the oxygenase 
in the sap of a species of Lactarium is largely predipitated by 
40 per cent alcohol while the peroxidasé remains in solution. 
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The peroxidase precipitated by strong alLoho! from the зар of 
mosaic plants is not capable of producing the infection in heaithy 
plants. 

Schénbein (13) has shown that while peroxidase activates 
small amounts of hydrogen peroxide, large amounts of hydro- 
gen peroxide will destroy the peroxiduses. Hydrogen peroxide 
will then destroy the peroxidase without destroying the infec- 
tious properties of the sap. Chodat has demonstrated that for 
constant quantities of peroxidase, the oxidation products іп- 
crease directly with the amount of hydrogen peroxide present, 
within limits, until all the peroxidase is combined or used up. 
If the virus evolves little or no oxygen upon addition of hydro- 
xen peroxide, a very smal) quantity of this reagent destroys the 
peroxidase. 

According to Loew(10 the peroxidase of tobacco is unaltered 
in а 5 per cent solution of formaldehyde after forty-cight hours 
ЖазШе(15) has found that oxidase of the mushroom, Lepiota 
americana, is not destroyed by а 40 per cent formic-aldehyde 
solution after several days. Jn Allard's experiments the virus 
of mosaic disease of tobacco retains its infective properties in 
a solution which contained one part of formaldehyde іп one 
thousand parts of virus after thirty-two days. The mcsaic 
virus is destroyed by ethyl and methyl alkohol, by aluminum 
hydroxide, by temperatures near the boiling point of water, 
but not at 80? C. when kept at this temperature for a few 
minutes. In some instances five minute exposures at this tem- 
perature are sufficient 10 destroy the virus. 

Allard says: 


‘The writer's oxperiments show that peroxidase ог calalase in the зар 
of mosaie plants cannot be responsible for the mosaic disease. The same 
Фогутез are normally present in healthy plants, but the sap of such plants 
is without infectious properties. Dy evaporation the enzymes present за 


healthy хар may be brought to a high concentration, and such solutions - 


never acquire infectious properties, By dilution, on the other hand, the 
peroxidase content of mosaic sap may be diminished to such an extent. 
that peroxidase reactions are no longer discernible; yet such solutions 
may remain highly infectious, He further concludes that since it has 
been shown that the mosaic disease of tobacen does not oceur in the absence 
of infection, neither enzymes nor other norma} constituents in the жар of 
healthy plants can be considered responsible for the disease. A spec іс, 
Particulate Substance not a normal constituent of healthy plants ы the 
gause of the disease. Since this pathogenic agent is highly infectious and 
1з capable of increasing indefinitely within susceptible plants, there is 
‘every reason. to believe that it ix an ultramicroscoric parasite of come kind 


3934 MeKintiy: Fiterable Virus Diseases 353 


According to Alkud, embryonic transmission of mosaic dis. 
ease has hot been obierved in tobacco plants. There is evid. 
ently, some barrier that guards against embryonie infection. 

Early in the course'of his work on mosaic disease of tobacco 
Allard discovered that the disease may be transmitted from in. 
fected plants to healthy plants through tho agency of aphids, 
He believes that aphids may sometimes be responsible for the 
occurrence of the discase in the seed bed and its subsequent 
spread in the field. р 

The virus of mosaic is active іп very high dilutions. In one 
experiment Allard inoculated а group of young plants in three. 
inch pots in the greenhouse by placing a drop of diluted sap, 
1 : 10,000, with the point of a needle upon each leaf. The die. 
ease was readily produced, the incubation period ranging from 
Seventeen 10 twenty-five days in this particular experiment. 
Infection may be produced with higher dilutions than this, but 
even this dilution is strong evidence against the theory that 
the disease is produced by enzymes since the actual amount of 
Virus in one drop of such a dilution must be exceedingly smalt, 

Tt is evident from the work of Allard that the infectious 
Principle is not an oxidase since the infectious principle and the 
oxidizing enzymes react independently. Freiberg(16) has con- 
firmed this work but believes that the incitant is an aMehydase. 
This author found that the carbohydrate content of the dark. 
green is higher than of the light-green areas of the leaf, and 
believes that formaldchyde is one of the first products of photo- 
synthesis, and that the infective principle is destroyed by а 
specific chemical reaction with formaldehyde and not by its 
antiseptic properties. 

Tt has been pointed out by Wakeficid(17) that the behavior of 
the virus of mosaic disease of tobacco with respect to high and 
low temperatures and various antiseptic solutions is more in 
accord with that of an enzyme than with that of any organism 
at present known. However, this author further states: 

On the other hand, the great objection to the enzyme theory appears 
‘to be the difficulty of explaining how such a catalyst would originate. If 
one adopts this view, it is necessary to assume that at some period an 
enzyme, or a substance capable of activating enzymes, has arisen in the 
"plant, de novo—possibly, as Freiberg suggests, as a consequence of some 
disturbanee in metabolism. Were this the case, it should be possible to 
induce the disease at any time, by engendering such a disturbance in the 
activities of the plant cell. 

uen . 
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The fact that the virus is active іп vey high dilutions and 
increases within the tissues of the plaht points to a living 
organism rather than an enzyme. 3 

That the virus of mosaic disease of tobacco is exceedingly 
small is indicated by filtration experiments. Duggar and Kar- 
rer(18) state that the virus of tobacco mosaic is approximately 
the size of colloidal particles of hemoglobin, which has been 
determined to be about 30 millimicrons. This is also about the 
estimated size of bacteriophage particles. (D'Herelle.) 

The virus of tobacco mosaic has within recent years been 
found to be pathogenic for both tomato and potato planta. 

MOSAIC DISEASE OF TOMATO AND POTATO PLANTS 

The tomato plant is susceptible to mosaic virus as are the 
fruits of the pepper, cucumber, and bean. Mottling is one of 
the most important affections of the tomato. These fruits are 
also affected by russeting or spotting, dwarfing, and distortion: 

Tomato mosaic occurs very commonly in hothouse tomato 
crops according to Gardner and Kendrick, (19) and these authors 
believe that the disease may be carried to the field crops from 
the hothouse. They state, however, that this does not account > 
for the great bulk of mosaic infection in the canning crop. 
They were unable to find any evidence of seed transmission, 
In Indiana these authors have found mosaic occurring on sev- 
erai perennial weeds such as Physalis subglabrata, P. virginiana, 
Р, heterophylla, and Solanum carolinense, and the disease has 
been transmitted to tomatoes from each of these species, Aphids 
and fica-beetles may also transmit the disease from Physalis to 
tomatoes, . 

Olitsky and Northrop(20) have been able to transmit mosaic 
from mosaic potato plants to tomatoes and to tobacco. The 
signs of the disease in tomatoes and tobacco are identical. 
These authors also found that centrifugalization of the virus 
derived from tobacco, potato, or the tomato at 3,200 revolu- 
tions per minute for two hours did mot throw down the virus 
and the supernatant fluld induced the infection as quickly, 
activély, and constantly as the sediment. 

Dickson (21) also found that healthy tomato plants inoculated 
with a mixture of viruses from mosaie-diseased tomato and 
potato, or tobacco and potato, developed streaks in about four- 
teen days. This authar, however, found that bean-mosaic and 
Sve ros Ба lieta Dt n er айна аге nega 

Я с so-called Quebec streak ог 


p 


эле MuKinlez; Filterable Virus Diseases 355 


stripe of tomato is caufed by a double infection with the viruses 

of potato and tomato mosaic, tobacco mosaic in this case being 

considered the same as tomato mosaic, 

Mosaic disease of pótatoes has been thought by some inves- 
tigators to be caused by the same virus that affects tobacco. 
Johnson(22) states that tobacco mosaic produces brown or black 
necrotic lesions on the stems and petioles of potatoes at the 
point of inoculation but that tobacco-mosaic infection is not 

' found to be systemic in the potato and that the potato cannot be 
said to be a typical host of tobacco mosaic. Schultz(22) has 
described in detail the mosaic disease of the potato, Previous 
descriptions werc also published by Melchers,(24) Melhus, (25) 
Murphy,{26) and Stewart.(27) Schultz states: 

Оп Green Mountain or Bliss Triumph potatoes, the leaves of affected 
plants are characterized by mottling which is produced by the presence 
of light green areas on the foliage, These areas may occur on any part 
of the leaf; they may include or adjoin sections of the larger veins or 
mot come in contact with them. The light green patches vary greatly 
in shape, being punctate, elongate, circular, angular, and irregular... . 
‘Their dintensions seldom exceed a few millimeters. .. , Furthermore, in 
the more advanced stages the foliage presents a characteristic crinkled 
ог corrugated appearance. In these stages the diseased plants are fre- 
quently dwarfed because ihe stems, the lcaf petioles, and leaf biades are 
cofisiderably shortened or reduced in size. The symptoms as described 
above are not so marked in certain other varieties—for example, in Blue 
Victor, Early Rose, Irish Cobbler, Pearl, White Bliss, Carmen, Early Dix, 
Netted Gem, Peach Blow, Portuguese Purple, and Spaulding Rose. in 
the first five named, decided rugosity ін a characteristic of the disease. 

No symptoms have been discovered by which mosaic can be 
recognized in the dormant tubers. That mosaic plants are 
rroduced from’ infected tubers is now certain. Schultz has 
shown that potato mosaic may be transmitted by transferring 
' juice from a diseased plant to a healthy plant, by grafting, by 

at least two species of aphids, and by infected tubers. Accord- 

"ing to this author the symptoms of potato mosaic are modified 

by various climatic and enviromental conditions. 

With regard to the effect of tobacco mosaic on potatoes there 
appear to be two different manifestations, The black necrotic 
lesions of Johnson have already been mentioned. Fernow (28) 
чаз reported symptoms similar to the streak of potatoes de- 
scribed by Schultz znd Folsom.(29) Blodgott(90) states in this 
connection: 5 

The author's results agree with those obtained by Johnson and with 

' those obtained by Ferno. "The seeming difference arose from the faet 
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johnson had used Bliss Triumph potatoe for inoculation with to. 
кыы пе while Femow Һай шей Gren Mountain. On Bliss 
Trivmphe, local necrotic lesions were produced at the points of inoculation, 
with по systemie infection. On Green Mountains the symptoms were 
much like thqse described for streak, consisting of streaks on the stems 
and veins and necrotic spotting on the leaves. . 

ТЕ В apparent from the above discussion that the mosaic 
virus of tobacco is pathogenic for both potatoes and tomatoes 
and vice versa, There is apparently a close relationship be- 
tween these viruses if, indeed, they are not identical, 


MOSAIC DISEASE OF CUCUMBERS 


In 1902 Selby(31) in Ohio and in 1910 Stone(¥2) in Massa- 
chusetts reported a mosaic disease on the leaves of cucumbers 
grown in the greenhouse. Clinton(32} in 1908 noted chlorosis 
of muskmelon leaves in Connecticut. In 1916 Gilbert,(3) 
Jagger, (85) and Doolittle(36) demonstrated the infectious nature 
of this disease for cucumbers, although Selby had stated in 
1910 that cucumber mosaic was transmitted like that оп to- 
bacco. The cucumber mosaic is widespread throughout the 
United States, 

Doolittle in 1920 reported his extensive work on this mosaic ' 
disease, This author has demonstrated that the virus is filter- 
able and that the filtered juice from diseased plants is capable 
of inducing the infection in healthy plants. The disease ap- 
pears both in the field and in the greenhouse, and nearly ali cuiti- 
vated cucurbils are susceptible. The diseased plants show a 
yellow mottling on the leaves and also a wrinkled or savoyed 
appeatance. The older leaves turn yellow and die, The stems 
terminate in сінің of dwarfed leaves. Mosaic fruits of the 
cucumber are mottled with green and yellow and frequently 
develop wartlike growths. Doolittle sa 

Nearly all species and varieties of the genera Cucumis, Cucurbita, La 
genariu, Laffa, Momordiea, Trichosanthes, Ecballium, Benincasa, Mieram- 
Pelis, and Sicyos ure susceplibie to the disease, but the Citrullus species 
seem to be partially resistant. 

No visible causal organism has been associated with cucur- 
bit thosaic. The mosaic virus is destroyed when heated above 
70°C. It is aiso destroyed by formaldehyde, phenol, and cop- 
per sulphate in 0.5 per cent solution and by mercuric chlpride 
in a 1:2,000 dilution. Ten per cent chloroform also destroys 
the virus, but 5 per dent is apparently harmless. Тһе virus is 
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contained in the d the diseased plant and remains infec- 
tive even when dilute\to 1 : 10,000. Тһе infectious agent pas- 
ses through the pores of a Rerkefeld filter but is held back by the 
Chantberiand filters. ,The virus remains infectious only for 
twenty-four to forty-eight hours in expressed juice and is readily 
destroyed by desiccation. 

The mosaic diseases of tobacco, tomato, bean, potato, and 
pokeweed do not affect the cucumber. Mosaic of cucumbers is 
transmitted by insects such as the melon aphis and the cucumber 
beetle, E B 

Doolittle states that the wild cucumber is affected with а 
mosaie disease identical with that on the cucumber and suggests 
the importance of wild hosts as a means of overwintering the 
mosaic disease. With regard to the incubation period he states 
that young cucumber plants may show the fist visible signs 
of the disease within four ог five days after inoculation and 
загейу later than eight or nine days. In older plants the dis- 
ease appears within ten to fourteen days after inoculation. 

Eüner(37) states: “It is generally held that mosaic of the 
Cucurbitaceae, Solanaceae and Leguminoceae are ail quite spec. 
ific within the same family and with few exceptions transmis- 
sible only to species within the seme family.” This author 
тердгів that he has been able to produce cross-infections be- 
tween these families. Не states: 


Crossinocaiation experiments ћу the writer have shown that the mo- 
saie diseases of the Cucurbitaceae, Solanaceac and Leguminocec are 
imter-transmissible, Four petunia plants inoculated with mosaic from 
erookneck squash became infected while an equal number of chgeks re- 
mained healthy. . . , four crookneck squash plants were inoculated with 
mosaic from tomato, and four with mosaic from tobacco. AN of these 
Plants became infected. Similarly а tobneco and two tomato plants were 
inoculated with juice from moraic croekneek squash leaves and became 
infected. AH cheeks remained healthy. ... At the same time five to- 
bacco plants were similarly inoculated with mosaic cucumber tissue and 
one of the five became infected... . An attempt to inoculate tomatoes 
with mosaic from catnip, Nepeta cataria, resulted in threo of the five 
Plants inoculated becoming infected while an equal number of checks 
remained healthy, 


Elmer believes that infection with mosuit is to a large degree 
determined by the growth condition of the plant. From his 
"work, if carefully gonfirmed by others, it must appear that the 
various mosaic viruses are very closely related. То what de- 
gree intertransmission of mosaic virus decurs under field con- 
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ditions between the different famities| should of course be 
determined. Without doubt the virus of. mosaic overwinters in 
some plants in the field, just as it is known to overwinter in the 
greenhouse. In many instances the infection is present in the 
secd bed wben planting is begun in the spring. 


MOSAIC DISEASE OF LETTUCE, CABBAGE, MUSTARD, TURNIP, 
AND SPINACH 


In 1921 Schultz(38) described a transmissible mosaic disease 
of Chinese cabbage, mustard, and turnip. During the same 
year Jagger(39) reported a mosaic disease of lettuce. 

The mosaic disease of Chinese cabbage, mustard, and turnip 
is characterized by a distinct mottling of the leaves which is 
very similar to that of mosaic disease of the Solanacem. The 
mottling is seen as light green and dark green areas on the 
leaves. Also there is a characteristic ruffling and distorting 
of the езі surface, According to Schultz, the dark green 
patches appear on the raised arcas. He states that "The leaf 
margins frequently are much more irregular than in healthy 
plants, causing some of the leaves to appear somewhat unsym- 
metrical, In addition to these common abnormalities on the, 
leaves the entire plant may be dwarfed, and the flower stalk 
and number of blossoms may be considerably reduced." Schultz 
was able to transmit this disease to healthy plants when juice 
from diseased plants was introduced into plants of the same 
or related species. He was unable to infect these plants with 
mosaic virus taken from mosaic potato, Тһе incubation period 
in experimentally inoculated plants was found to range be- 
tween twenty and thirty days which is very close to the in-. 
cubation period of юзаю disease in the Irish potato. The 
disease is also transmitted from diseased plants to healthy 
plants by aphids as is the case with tobacco mosaic, spinach 
blight (according to McClintock and Smith(40)), and mosaic 
disease of potatoes. The mosaic disease of the crucifers, how-^ 
ever, was not transmitted to the morning-glory by aphids which 
transmitted mosaic to healthy crucifers. The plants inoculated 
by means of aphids developed the mosaic symptoms only on the 
younger leaves; this was also the case in experiments in which 
the virus was inoculated by rubbing. Mustard sced from mosaic 
mustard plants developed healthy seedlings arcording to Sckultz, 

Jagger studicd mosaic disease in Romaine lettuce and in a 
variety of head lettuce. In lettuce the symptoms of mosaic 
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begin as æ yellowish iscoloration along the smaller veins of the 
younger expanding ie Gradually the entire plant becomes 
yellow, On lose exdmination irregular blotches of а normal 
green color are found located along the larger leaf veins, The 
diseased leaves also show wrinkling. Tho blotching was found 
by Jagger % be more pronounced on Romaine lettuce than on 
head lettuce. Generally the diseased plants are stunted. Jag- 
ger says: 

In severe cases the plants were decidedly undersized, and occasionally 
the leaves Порте only a rosette, with no indications of a folding together 
of the tips to form а head. ... Often plants that showed marked dis- 
coloration, mottling, and stunting soon after becoming diseased would later 
seem to recover іп part and to make а more or less normal growth with 
only slight disosloration and mottling. 

Jagger successfully transmitted the disease by aphids from 
diseased plants to healthy plants, and from the symptoms and 
general character of the disease he believes that it should un- 
‘doubtedly be recognized as a true mosaic disease of lettuce. 

Mosaic disease of turnips is readily produced experimentally 
by artificial inoculation. The symptoms of the disease are in 
genera) those described for mosaic of other plants. Following 
artificial inoculation Gardner found that healthy turnip plants 
developed mosaic within sixteen days. Raddish plants inocul- 
ated with the same virus by this author remained negative, 


MOSAIC DISEASE OF SUGAR CANE 


Mosaic disease of sugar cane was apparently first noted in 
Java in 1890, where it was known as "yellow stripe,” but it was 
mot thought to be infections by the Dutch, The disease had 
undoubtedly boen present for years in Java but little attention 
was given # In 1909 Dutch investigators reported yellow 
stripe in Egypt on cane imported from Java, and it was noted 
а year later in the Hawaiian Islands. In 1916 the disease | 
жаз first scen in Porto Rico. There it has been called matizado, 
“mottling,” rayas amarillas, “yellow stripe; morida de perro, 
"dog bite" la enfermedad de Arecibo, "disease of Arecibo” 
(because it originated in Porto Rico in the neighborhood of Are- 
Cibo), and by many other names. The disease was firat noted 
in the United States just prior to 1919. dt was then discovered 
in Porto Rico on young cane which had been received from the 
United States. Since 1919 the disease has been fopnd in many 
parts of the United States, the Philippines, Cuba, and other 
parts of the world. 
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In 1919 Brandes(41) published an ехісізіуе paper'on mosaic 
disease of sugar cane. This author descybes the symptoms of 
sugar-cane mosaic as primary and secondary. He states: 

Upon walking between the rows of cane in pn affected field, mdre or 
Jess plants wilt be seen that are conspicuous on account of a general pallor 
of the leaves. This may be discernible for many rods, Closer examina- 
tion of such plants reveals that the pallor is due to irregular light-colored 
streaks or spots on the leaves. The affected leaf areas, in so far as color 
is concerned, аге of two distinet types. The. most common type presents 
merely a “washed-out” appearance. . .. In the second type, the yellow 
jy ‘predominant, and the affected areas have а decided yellowish green 
appearance. The normal and affected arcas are sharply demurked. In 
other words there is a gradual merging of one color into the other. 

In young leaves of ribbon cane the light areas are found as 
short narrow streaks that may run together at the ends and 
appear very long. There are many variations. In older leaves 
the streaks are confluent and the general effect is one of pallid- 
ness or yellowness. Тһе disease is never fatal during the first 
усак. The more serious effects are in first ratuons of cane 
which became infected the previous year or in plants coming 
from discased cuttings. In these plants the symptoms: consist 
of white opaque spots and streaks. About 20 to 30 per cent of . 
the entire surface із involved. These areas remain firm and do 
not rot out. Later another symptom of mosaic appears which 
consists of stripping or cankering of the stalk. These signs 
appear as discolored or water-soaked patches or longitudinot 
streaks on the internodes. In some instances these areas be- 
come depressed. Cracks resulting from the drying out of the 
сапе may appear. Brandes says: 


When a large portion of the plants in a field are infested, the aspect 
in general resembles the effect of а severe drought, Tife foliage of the 
atire field за yellowish, and tbe plante are mare or less noticeably stunted. 
Where u row of some immune variety is planted in or near the badiy 
infested field, the contrast in color is exceedingly conspicuous and the 
dwarfed habit of infeeted plants is moro noticeable, It i» possible to 
recognize such ficlds from а distance of half а mile or more on account 
of their sickly, dry appear: 


There are many degrees of involvement in sugar-cane mosaic. 
Some species of sugar cane are markedly resistant, while others" 
are exceedingly susceptible to the virus. The writer has scen 
mosaic on several varietics of cane in the Philippines and in 
Porto Ricowwhere the disease is generally Wide spread. ‘fhe 
Japanese canes are asa rale immune to the virus, This cane 
із also known as the North indian type. The Kavangire variety 
із also immune and is found in Argentine, Forto Rico, ang ether 
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places, This variety.has never been found infected and has 
grown sidg by side wlth other canes іп Porto Rico which were 
heavily infectéd. There uve many other hosts for the mosaie 
Viru of sugar cane, such as corn, sorghum, rice, millet, erab- 
grass, foxtail, and Panicum. The virus is the sarge for all of 
these plants according to Brandes. 

Xt is now well recognized that cuttings from infected stalks 
invariably give rise to infected plants. The young shoots are 
seen to be infected as soon as they appear. These are consi 
ered primany infections, As the cane develops secondary in- 
fections take place and these are thought to be due to some 
carrier, perhaps an insect, since insects are known to transmit 
other mosaic diseases, such as the mosaic of tobacco, tomato, 
and potato. Brandes states that field disease is accompanied 
ог preceded by severe insect infestation. The сапе leafhopper, 
Tittigonia species, has been noted to be particularly prevalent 
during the spread of the disease. Brandes bas established the 
fact that Aphis maidis is able to transmit sugarcane mo: 
Ledeboer(42) in Java transmitted the disease with Aphis вос. 
chari as well as А. maidis. This has been further confirmed 
by Braner(43) in Cuba and by Kunkel (41) in Нам: 

Edgerton and Taggart (15) believe that the disease in many 
igstances will tend to disappear if allowed to take its course. 
They have observed that the susceptible varieties tend (о be 
climinated while the stronger plants survive and that gradually 
less and less of the disease is seen under these conditions. They 
do not advocate elimination of control measures where these 
are possible but suggest this doctrine which might be termed 
“the survival of the fittest. 
> Sugar сапе self is а perennial, and the mosaic virus survives 
the winter in the stubble. Тһе virus can be recovered from the 
stubble, and healthy plants can be experimentally infected 
either by direct inoculation or by insect carriers. Control of 
this disease by destroying the stubble has been suggested and 
offers decided assistance, but there are many other hosts for the 
Sugarcane or grass mosaic and it ig difficult to destroy all of 
these, Brandes and Klaphaak(16) have reported at least, thir- 
teen species of grass that are susceptible tà the grass mosaic as 
indicated by experimental inoculation. АҢ species tested for 
seed transmission by this author gave negative results. 

Brandes has been able to transmit the discase to healthy plants 
with juice expressed from diseased plants, The early Dutch 
investigators uniforraly failed in this, Stevenson (17). reported 
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hundreds of inoculations in severa? varieties of canc with several Я 
methods, but his results were entirely #2gative, Brandes ех 
pressed the infected juice under roineral'oil and әу careful ino- 
culation produced the disease in susceptible healthy plants Не 
states: 0. Ы A 

That cane mosaic is analogous with other mosaic diseüses is brought 
owt by a number of facts, aside from the visible signs of the disease. 
As in many other mosaics, the infectious material does not seem to be 
highly specialized, but may attack other plants іп the same family. The 
зар of infected plants contains some organism, not visible by ordinary — . 
means, which is capable of inducing the infection whei injected into 
healthy plants. Leaves which are mature at the time of inoculation never 
show any signs of the mosaic. This fact, typical of all mosaics, bas Leen 
brought out in all inoculation experiments with sugar сате. 

While the properties of the virus of sugar-cane mosaic are 
not as well known as those of tobacco mosaic, it appears to be 
evident that in sugar-cane mosaic we are dealing with an ultra- 
microscopic virus which is quite similar to mosaic viruses found 
in other plants. More information bearing upon the nature 
of the virus itself is very much needed and should receive at- 
tention in future investigations on this disease, и 


MOSAIC DISEASES OF OTHER PLANTS s à ` 


Infectious chloroses have been described for a large number 
of hosts. Among thesc may be mentioned the banana, sugar 
beet, bean, maize, raspberry, privet, laburnum, ash, European 
mountain ash, hop tree, and Japanese burning bush. Mosaic 
disease is а type of chlorosis, Clinton(49) has classified the 
various types of chlorosis as follows: H 


L Tafectious chlorosis. 
А. Communicable through the juice. “ " 
В. Communicable through the tissues. B | 
а. By buds. | 
$. By grafts. 
2. Noninfectious chlorosis, 
А, Nonperpetusting. > ы 
а. Affecting plants generally, E ^i 
$. Affecting isolated leaves от branches. 
Perpetuating. 
а. Through seeds. ч | 
b. Through cuttings. . 
с. Through buds or grafts. 


The mosaic diseases are infectious and‘ are communitable 
through the juice, Because of the mottling on some species the 
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term "infectious mosaic" has been employed. In the majority of 
horticultprat variegjed varieties of plants, such as the crotons, 
oleander, and Pittosporum, chlorosis is noninfectious and can- 
not? be communicated either with plant juices or by grafting. 
The true mosaic diseases are transmitted through „ће juice, and 
the infectibus principle has been demonstrated in the juice of 
many plants, In no case of infectious chlorosis is the virus 
transmitted to the embryo plant in the seed. (See Heald’s 
Manual of Plant Diseases.) 

From tke original mosaic disease of tobacco numerous mosaic 
diseases are now known in other species of Solanaces, Cureur- 
bitacez, Leguminoscz, and Graminew as well as in more than 
twenty additional families, Rankin(49) and Bennett(50) have 
recently published extensive reports on mosaic of raspberries, 
Їп general these studies indicate that the mosaic disease of 
raspberries is similar to mosaic in other plants, 

+ Mosaic disease is apparently widespread in nature and affects 
plants of many families. For the present, we must regard these 
diseases as being caused by ultramicroscopic viruses, 


CAUSAL AGENCY IN MOSAIC DISEASES 


Several theories have been advanced to explain the causal 
wency in mosaic discases; namely, the bacterial theory, the 
enzyme theory, the filterable virus theory, and the protozoan 
theory. 

In general it may be stated that the bacterial theory is with- 
out foundation. None of the advocates of this theory have pre- 
sented any experimental evidence that will permit seripus con- 


+ sideration of it, The enzyme theory is supported by the fact 


> that the inféctious principle із absorbed by tale аз is charac- 
teristic of colloidal compounds, including enzymes, and by the 
reaction between the infective principle and formaldehyde and 
by the resistance of the virus to antiseptics, The infectious 
substance із also destroyed by concentrations of alcohol that 
inactivate enzymes and by the same temperatures that are de- 
structive to enzymes, On the other hand most of the investiga- 
' tors who have studied mosaic point out, that if the infectious 
principle is an enzyme it will be necessary to assume that en- 
+ zymes have the power to initiate the production of the same 
enzyme when introduced into the normal plant cell, since the 
infectious substance is propagated ingefinitely in susceptible 
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plants, Most investigators are unwilling tọ admit this. Ir ш» 
respect we have a close analogy in the bactgiophage of d'Herclie. 

The fiiterable virus theory has been fully distussed at the 
beginning of this section. "There seems ,to be abundant ‘evi- 
dence to support this concept and most investigators are inclined 
to this view. 

The protozoan theory has within recent years attracted great 
attention, A number of early workers described amæbolike 
bodies in the cells of mosaic tobacco plants. Recent workers 
hate found plasmalike bodies in the cells of plants ‘affected by 
several virus diseases. Matz(51) in 1919 described such bodies 
in mosaic discases of sugar cane. Копке (52) found them іп 
corn; Palm,(53) Goldstein, (519 and Rawlins спо Johnson (55) 
in mosaic-affected tobacco; McKinney, Webb, and Eckerson(36) 
in wheat rosette, and Smith(37) noted them in potato mosaic. 
‘The exact nature of these bodies is little known. Their relation 
to the cause of mosaic disease has been rightly questioned. Palm 
designated the bodies found by him in tobacco mosaie Strongy- 
loplasma iwanowskii, Melson(58) in 1922 described certain pro- 
tozoans in plants affected with mosaic and other related diseases. 
In the phloém of the bean and clover plants this author found + 
organisms which he identified as biflagellates. Also organisms 
were found in the sieve tubes of mosaic tomato and potato Iai: 
roll plants which he thought to be trypanosomes, Duggar and 
Karrer(59) soon reported that the structures Nelson described 
as protozoans were normal inclusions both in healthy and dis- 
eased plants and were apparently without significance. 

In a recent report on the cytology of mosaic disease Smith (60) 
confirmed the observations of Goldstein that the vacuolated 
bodies in the epidermal and hair celis of leaves of tobacco plants’ 
were not associated with the nuclei but were carried through 
the cells in the protoplasmic streams. This author, however, 
did not observe any autonomous movements in the vacuolated 
bodies and in only one instance observed a limiting membrane. 
Smith observed in Petwaia two distinct movements of the va- 
cuolated bodies, one a migration through the cell, and the second 
“a combination of the,elfect of force exerted on the mobile body " 
by the streaming protoplasm and the apparent changes in form 
dve to its turning ovcr in the streams.” Smith also exposed ' 
mosaic toba«co juice to the action of the abiotic rays and foünd 
that filtered mosaic tobacco juice was inactivated within thirty 
minutes, while B. prodigiosus was killed in thirty seconds, 
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This ‘she considers as\evidence against the theory that the causal 
agent із ап organism! This author concludes that “the vacuol- 


directly with the causal agency rather than with the chlorosis 
which results from the presence of the virus if the plant.” 
Smith favors the view, however, that they do not represent the 
sansal agency, but aro rather the product of a reaction between 


At the present time it may be stated that the opinions, of 
investigators who have worked with the various mosaic diseases 
is that the protozoan theory of the etiology of mosaic is hardly 
worthy of serious consideration, As in many animal diseases 


termined by future investigation. ‘They are not associated wih 
noninfectious chlorosis. This seems to be added evidence that 
‘the mosaic discases are caused by ultramicroscopic viruses, since 
similar bodies have been found in many other diseases known 
Or thopght to be caused by agents of this nature, 
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< PLATE 44 


Mosaic diseasa,of tobacco. { В 


o Реле 45 


Pia. 1. Coroltas of American varieties of Nicotiana tabecum, showing va- қ 
ious degrees of mottling produced by the mosaic djvuse; ° 
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y! РАТЕ 46. MOSAIC, DISEASE OF CUCUMBER AND OF Tongro, 
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ŠATE ак. MOSAIC DIBEASE INDUCED ву APHIDS IN TURNIP AND IN MUSTARD. 
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>, PLATE 49. MOSAIC DISEASE OF SUGAR CANE. 
) 25. 
А D. 1 > 
, 
^ n it i 
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PLATE 50. BEAN PLANT AFFECTED WITH MOSAIC. SHOWING TYPICAL MOTTLING AND 
ә? > | DISTORTION OF FOLIAGE, 


(тие, Зоок. Scr, 39, 1-4. 


з). PHOTOMICROGRAPH OF ELONGATED BIFLAGELLATE PROTOZOAN IN SIEVE 
iy ‘URE OF MOSAIC BEAN PLANT. 
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Meister; urmam Vingi Disranna J (ғаш, Jovan, Bet, 99, 1-8 


"ТЕ за. BACTERIOPHAGE LYTIC FOR B. COLI SHOWING LYTIC PLAQUES ON 
PLATES AND IN TURES, 
А . g , Й 
› 


- * a, normal pink blossom: b, mos 
+ white. , 
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je blossom which is eatirely 


Рю. 2 Buds of Nicotiana tabacum; 4, showing distorted and other de- 
Peuperate buds, produced by the mosaic disease; b, normal, 
healthy buds. (After Allard.) 

Puxte 46 
Frc. 1. Mosaic leaves, fruits, and branch of cucumber. (After Doolittle.) 
2. Longitudinal section through phloim tissue of moscie tomato plant; 
Ж а, two trypanosome-like organisms lying side by side in a sieve 
iub 5, two of the organisms attached to cach other by pos- 
terior enda of the body; с, an organism apparently pasting 


directly through walls of the sieve tube; d, sieve tube. (After 
Nelson.) 


3. Longitudfhale section of phloóm tissue in tometo plant affected 


with mosaic; o, trypanosome; b, cell nucleus; с, sieve tube. 
(After Nelson.) 


Prate 47 
Fic. 1, Leaves of Romaine lettuce, Leaf in center from healthy plant; 
m two others from mosaic plants, one showing pronounced type of 
mottling and the other general yellowish discoloration, 
2. Young expanding leaves of head lettuce. Leaf on left from healthy 
plant; two others from plant in carly stages of the mes: 
. disuare, (After Jagger.) 
Piers 48 
Mosaic disease; а, leaf from healthy turnip, control to leaf, 5, from mosaic 
turnip, mosaic induced by aphids; с, leaf from healthy mustard, 
control to leaf, d, from mosaic mustard, mosaic induced by 
aphids, (After Schultz.) 


Phare 49 


Mosaie di 


ase of sogar cane, › 


é Puate 50 
Beun plant affectedewith mosaic, showing typical mottling and distortion 
ef foliage, (After Nelson.) 
Pare 51 


» Photomicrograph of elongated, biflagellate protozoan in sieve tube of 
mosaic bean plant; a, elongated organism of type 1; b, flagellum; 
е, ovaliform flagellate, type 2; d, сей nucleus with deeply-atained 
nucleolus in center. (After Nelson.) 
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Piare 52 " , 
* Bacteriophage lytic for В. сой showing lytie plaques on plates and im 
, tubes. Note small number of plaques in dilution of 1:100,000. 


* — as compared to dilution of 1:10.00. The tubes ropresent suc- 
cessive dilutions of the lytic principle from 1:10 to 1:100,000, 


CHAPTER ХУ 


THE BACTERIOPHAGE 


Dejinition—The word bacteriophage means "bacteria cater" 
and represents the term applied to a bacterial iytic. principle by 
d'Herelte(!) in 1917. At present the bacteriophage can onl: 
be defined as a “substance,” “agent,” or “principle” which is 
filterable through the finest porcelain filters end which is cap- 
able of bringing about the dissolution of certain bacteria, 
Some investigators regard the bacteriophage as a living filter- 
able virus; others believe the lytie principle to be of tho nature 
of an enzyme; while there are those who think of this "agent" 
as а product of bacteria! dissociation, autolysis, or as a heredi- 
tary by-product of the bacteria. Since opinion has been so 
divided in the past decade during which this agent has been 
studied, it is impossible to define its nature accurately. Of its 
properties and activities we know more. At the end of this 
section will be found a critical opinion of its nature based ороп 
the facts that have been adduced by accepted experimental 
methods. For the present we will consider the bacteriophage 
аз a filterable lytic agent, active in extremely high dilutions. 
capable of increasing in quantity at the expense of the lysed 
bacterium, and as a "substance" almost constantly present іп 
the intestines of man and animals. 

History and distribution. То 1915 Twort(2)* published the 
paper “An investigation on the nature of ultramicroscopic vi- 
ruses.” Та this paper Twort described certain transparent 
areas in a culture of staphylococci in which no cocci grew. 


‘Touching опе of these transparent aieas with a sterile platinum © 


loop and then drawing the loop across the surface of a twenty- 
four-hour agar culture of staphylococci, he found, after a few 
hours, marking the tract of the loop a streak which had become 
clear and transparent. Filtering his material from these trans. 


parent areas througü a Borkefeld filter, he found that the. 


filtrate would dissolve and kill most of the organisms in fresh 
staphylococcus cultures even in dilutions of one to a million. 
368 
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It is jnterésting to note that this first scientific description of 
a “lytic principle” for bacteria, that is transmissible in series, 
Was discovered in a culture of an organism that is Gram-positive. 
Excépt for the observation of Hankin іп 1896 this is the 
first printed record concerning the bacteriophage. Hankin, (2) 
nearly twenly years before, described the bactericidal action 
of the water of the Ganges and Jumna Rivers in India for the 
cholera vibrio, but the idea of bacteriophage was not suggested 
by him. To Twort belongs the credit for being the first to 
bring this phenomenon to the attention of other investigators. 

Previous to 1916 d'Herelle was interested in a peculiar dis- 
ease affecting locusts that he believed to be caused by а fil- 
terable virus, although coccobacillus was easily cultivated from 
the infected locusts and frequently presented cultural irregular- 
ities which puzzled him. Some colonics of this bacillus pos- 
sessed indented irregular contours and at times there were areas 
entirely free from growth, D'Herelle was inclined to consider 
this discase as caused by a filterable virus but having an "as- 
sociated” organism, the coecobacilius, such as exists in hog chol- 
era. Experiments with this disease of locusts led to his obser- 
vations of the bacteriophage. In one of his books on the bac- 
teriophage d'Herelle describes his first experiments which led 
to the discovery of the bacteriophage in the stools of dysentery 
patients, He says: 

In August, 1916, an adult with a severe bacillary dysentery (Shige) 
was under treatment in the Pasteur Hospital. Euch day about 10 drops 
of the stool were collected and placed in a tube of bouillon. After incu- 
baton over night the suspension was filtered through a Chamberland 
candle, into some bouillon, previously inoculated with Shiga Басић, about. 
10 drops of this filtrate were placed, and the material was returned to 
the incubator at 37°C, . . . ‘Throughout the duration of the disease, ай 
of the tubes, prepared each day іп the same manner, gave normal eul- 
tures of B. dysenteriae. One day, the tube prepared the day before 
remained sterile, Investigation showed that the patient gave evidenee of 
notable improvement, and, as appeared later, this was shortly followed by 
definite convalescence. . .. То the bouillon thus inoculated and containing 
filtrate, and which had remained to all appearances sterile, a suspension 
of Shiga bacilli derived from a fresh agar culture was added to yield 
а marked turbidity. This tube was placed in the, incubator, After’ about 
ten hours it was again clear, ... This, of course, made it at once ap. 
» parent thai my first hypothesis was of necessity Гајзе, the truth of the 
matier being that the, fecal material used in preparing the, filtrate con- 
tained something which dissolved the dysentery bacilli. Nevertheless, my 
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is virtue, since, as it had led me for kuch а tong 
time consider the question of a vires patbogenie for the man or the 
animal, it offered the suggestion that the dissolving principle might be 
а virus pathogenic for (ће bacterium. 

Thus the discovery of the bacteriophage was made by d'He- 
relie in the stools of dysentery patients, and the filterable virus 
theory of the nature of the bacteriophage was conceived. Dur- 
ing the past ten years d'Hcrelle has attempted to prove his 
theory of the virus nature of the bacteriophage. Other investi- 
gators have presented experimental data opposing, this view, 
which to the conservative mind has appeared fantastic and а 
conclusion unwarranted by the facts that have been presented 
in its favor, eal 

That there exist diverse strains of bacteriophage is now 
well recognized. Sewage universally contains bacteriophage. 
Consequently rivers receiving sewage from towns and cities fre- 
quently contain different strains of bacteriophage. We have 
isolated such strains from various streams and sewage supplics 
in America, Porto Rico, and the Philippines. Isolation of bac- 
teriophage active against the colon bacillus is a very simple 
matter with sewage as а source of material. Strains of bac- 
teriophage have also been isolated from the stools of man and 
animals, from the urine and blood of patients, from old labor- 
atory cultures, from the nodules of plants, from the tissues of 
man and animals, and from the intestines of silkworms. From 
the Pasig River in the Philippines we have isolated bacterio- 
phage active against В. coli, В. typhosus, B. dysenteriz Shiga, 
and B, dysenteriz Flexner. In this stream untold numbers of 
carabao$ wallow during every hour of the day. Excreta from 
such animals have been found by Basaca to be loatied with bac-, 
teriophage. Bacteriophage has been isolated from the water of 
the Seine by Dumas, (4) and Collins(5) has reported its presence 
in the Huron River in Michigan, Н can be stated definitely 
that all streams receiving sewage wil! be found to contain bac- 
terlophage lytic for some organism, practically always for some 
strain of В, coli, The bacteriophage then originates in the 
intestines of man and animals and perhaps other forms of life 
such as insects, etc.“ Since the intestinal tract of man and 
animals is universally contaminated with B. coli, a commensal 
microérganism, it is suggested that the bacteriophage is ‘in 
many instances associated with this bacterium or some other 

acterial form, Experimental evidence to si i - 
tion will be presented later. POR са ERS 
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Theories concerning the maturo of the bacteriophage.—Sev- 
eral theories ог hypotheses have heen suggested to explain the 
phenomenon of bacteriophagy. D'Herelle, since his first work 
with the iytic principle, has considered the bacteriophage as а 
living ultrami¢roscopic and filterable virus, foreign and para- 
sitic to bacteria. Kabeshima( has suggested that the bac- 
leriopbage is a chemical principle foreign to the bacterium, 
This author suggests the possibility of a catalytic substance 
in the intestinal tract of animals which brings about the dis- 
solution of bacteria by activating some proferment present ‘in 
the bacteria, Bordet and Cuicat) suggested the idea that bac- 
teria undergo a nutritive vitiation under the influence of some 
product manufactured by leucocytes, and further that this vi- 
tiation is hereditary since the phenomenon із transmissible in- 
definitely in series. D'Herelle speaks of this concept as the 
hypothesis of an "abnormal inert principle,” Kuttner(3) ex- 
"plains the nutritive vitiation of the bacterium upon the basis 
of some ferment present in the intestinal tract of animals, А 
similar, idea to that of Bordet and Cuica has been suggested 
in опе of my own publications on this subject.) Lisbonne 
and Carrére(19) have suggested the theory that the bacterio- 
phage із the result of a bacterial antagonism, Seiffert (tt) has 
Suggested an exogenous autolysis ақ the cause of the pheno- 
menon. Docrr(2) thinks of the bacteriophage аз а toxin that 
affects the bacterial metabolism. This author would place other 
agents such as the viruses of rabies, vaccinia, encephalitis lethar- 
gica, and sarcoma in this category. A large number of in- 
vestigators favor the idea that the bacteriophage is simply a 
normal autolysis, D'Herclie replies to the proponents of this 
‘theory that it is strange that the bacteriophage phenomenon 
occurs with young bacteria having no natural auiolytic ten- 
dency, and does not take place with old bacteria which autolyse 


У, spontaneously. Bail(13) believes that the lytic principle is nor- 


mally present in the bacteria and is a living substance. There 
is also the possibility that the lytic principle may be abnormal 
, to the cell, yet living and derived from the bacteria. 
‘There are many hypotheses concernirg the nature of the 
bacteriophage, and in fairness one must state that d'Herelle has 
* presented а theory of the nature of bacteriophage that no one 
has been able to refute completely or by experimettal evidenco 
prove wrong. Arguments based upon careful experimental work 
have been presented for most of the opposing theories, but no 
singló clear-cut experiment has been performed that will prove 
А Se UG 
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any one of these hypotheses and disprove d'Herclle's idea of the 
living Gilterable virus nature of the lytic principle. We do not 
advocate the virus theory of the bacteriophage, because we feel 
that the experimental evidence so far aduanced does not prove 
its living nature, but in justice to d'Hereile it must be admitted 
that he has presented a thesis that is almost convincing and 
exceedingly difficult to discredit. For a detailed discussion and 
analysis of the various hypotheses that have been advaneed to 
explain the phenomenon of bacteriophagy, the reader is referred 
to*d'Herclle's books on the subject. t 

Bacteria for which lytie principles have been describcd.—A. 
wide variety of bacteria has been found susceptible to the phe- 
nomenon of bacteriophagy. The list includes Bacillus dysew- 
teriæ Shiga, His, and Flexner; B, gallinarum; Pasteurella bori: 
B. pestis; B. typhosus, para А and B; В. suipestifer; В. cnteri- 
tidis; B. typhimurium; В, coli; the Friedländer bacillus; the 
bacillus of flacherie; В. proteus; the bacillus of swine fever; 
В. diphtheriw; nodule bacteria of Leguminose; B. subtilis; 
Vibrio cholera; Staphylococcus gratia; Enterococcus; Strep- 
tococeus; B. pyocyaneus; pseudobactcriophage for B, anthracis: 
thermophilic bacillus Т 60; and psychrophilic bacteria. 

Properties of the bacteriophage.—LHt is well recognized that 
there exist many different “strains” of bacteriophage. It has 
also been well established that ali "strains" of bacteriophage 
are filterable through ultra-filters. It has further been demon- 
strated by d’Herelle, Bronfenbrenner and Korb,(4) McKinley 
and Holden, (15) and others that the lytic principle is particulate. 
According to d’Herelle these particles are about the size of 
the micella of serum globulin, Prausnitz(16) states that the 
diameter of the bacteriophage particle is abou’. the size of the 
micella of collargol used in his experiments, or about 20 milli. 
microns. Von Angcrer(17) gives a figure of 20 millimicrons for 
its diameter, Jótten(18) and Arnold(!9) have described exper- 
iments which demonstrate beyond doubt that the bacteriophage 
is diffusible through the agar upon which is planted the Басе. 
riophage with its susceptible microórganism. The bacteriophage 
is evidentally nonvolatile, although it may be carried ovér in 
distillates by droplets if care is not taken to prevent this, Ву 
titration it has been shown by d'Herelle and others that Particles ' 
of bacteriophage tend to form a sediment oh the bottom of a 
vessel on standing and fo some degree by centrifugation. That 
the particles are certainly unevenly distributed in a liquid sus. 
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Vumber of lytic plagues on plates of every 01 cubic centi- 
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pension has been indicated іп our work, The bacteriophage is 
not soluble and exists only ің suspension, perhaps in a colloidal 
state, Wollman(20) thought that he was able to digest the lytic 
principle with trypsin, but further work indicated that this de- 
struction is only partial, The possibility exists that in bouillon 
"the bacteriophage particle is adsorbed on to protein molecules. 
This is indicated by the fact that the precipitate formed from 
bouillon by the addition of acetone or alcohol is found to contain 

» the lytic principle іп a very high concentration. D'Herelle states 
that one strain of bacteriophage has remained alive in a scaled 
ampule for nine years. He says: “When first prepared there 

о Were over 2,000 million corpuscles per cubic centimeter, after 
four years the number was reduced to only 100 millions, after 
nine years to but 40 millions.” Thè bacteriophage “multiplies” 
inan alkaline medium, though a few "strains" have been de- 
scribed which “multiply” in an acid medium. Tr? general the 
bacteriophage particles floculate under the influence of acids (Da 
Costs Cruz), а phenomenon that also occurs with the majority of 
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bacteria. Since these bacteria carry a negative electric churge 
it follows that the bacteriophage particle is also charged nega- 
tively, D'Herelle terms it a “negative colloid.” Тһе bacterio- 
phage js also pretipitated by saturation with ammonium sul- 
phate according to Maisin,(21) but it may be recovered still 
virulent from the precipitate as in the case of an acetone or 
alcohol precipitate. Magnesium apparently acts in the same way 
according to de Poorter and Maisin.(22) In acetone or alcohol 
precipitates the bacteriophage is destroyed if contact is prolonged 
for several days. E 

‘The bacteriophage particle is adsorbed by а number of sub- 
stances. The protein in bouillon has already been referred to. 
Various authors have demonstrated that the bacteriophage is 
adsorbed by infusorial earth and kaolin (Seifert, 23) Gilde- 
meister and Herzberg, (24) and others). Much of the work done 
on adsorption, however, has not taken into account the hydrogen 
ion concentration of bacteriophage suspension, and opinion із" 
at variance upon this property of the bacteriophage. D’Herclle 
believes there ig rclatively little adsorption of bacteriophage by 
these substances. 
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The bacteriophage is also affected by irradiation. Appel- 
mans(25)" has, inactivated bacteriophage by exposure to ultra- 
violet rays for ten minutes. Gildemeister(26) states that tho 
bacteriophage is sensitive to ultra-violet light as are bacteria. 
Gerretsen, Gryns, Sack, and Sóhngen(27) found that ultra-violet 
light destroyed B. radicicola but not its lytic principle after 
exposure for fifteen minutes, McKinley, Fisher, and Holden, (23) 
however, have found that a strain of bacteriophage lytic for В. 
coli is destroyed by ultra-violet light much in the same way as 
are two strains of known filterable viruses; namely, herpes 
and Levaditi's so-called encephalitis virus. Exposure to ultra- 
violet light at а distance of one foot for forty minutes is suf- 
ficient to attenuhte or destroy both the bacteriophage and the 
two filterable viruses employed. Bacillus coli was not destroyed 
by this exposure, Later experiments by these authors showed 
that much shorter periods of exposure were effective in de- 
*stroying both the lytic principle and the filterable viruses men- 
tioned. Fisher and McKinley(29) exposed various concentra- 
tions qf bacteriophage to the action of ultra-violet light and 
concluded that the resistance to ultra-violet rays of the lytic prin- 

* ciple is directly proportional to its concentration and appears 
to be а logarithmic function thereof. The effect produced by 
ultra-violet light is not a photosensitization to heat, Brutsaert 
(20) found that radium emanations did not, destroy the bac- 

teriophage, 

As has been mentioned there are miany different "strains" 
of the bacteriophage. This is indicated by several properties 
that they possess. Some strains of bacteriophage always pro- 
duce very minute pinhead plaques оп solid cultures, while others 
"produce plaques *many times as large. То some extent the size 
of the plaques may be controlled by increasing the concentration 
of the agar. This has been demonatrated by Bronfenbrenner 

, and Korb. However, on a uniform agar concentration different 
“strains” of lytic principle will exhibit different-sized plaques. 
Differences between “strains” of bacterophage are also noted 

„dn their response to heat. One "strain" may be destroyed at 
а temperature of 65° C., while another will require 70 or 15^ C. 
when heated for thirty minutes. D'Herelle states that heat 
' destruction is preceded by attenuation and that 75° С. may, in 
general, be regarded as the thermal death point Jf the bacte- 
riophage. Bacteria sensitive to the action of such a lytic prin- 
ciple are of course destroyed at much lower temperatures. The 
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multiplicity of bacteriophage "strains" is also indicated by the 
specificity of the various strains, Within certain limits adap- 
tation of the bacteriophage to more than one organism із possi! 
but not always. Some “strains” seem to Бе markedly specific. 
The bacteriophage is susceptible to the action. of various 
chemicals and disinfectants. The response of the bactcriophage 
to these substances depends somewhat upon the race; various 
races respond differently. In general it may be said that in 
its resistance to chemicals and disinfectants the bacteriophage 
is‘comparable to the spores of bacteria. In some instances it 
appears to be more resistant than spores to the disinfectant 
employed. This resistance also depends somewhat upon the 
temperature at which the destructive agent is permitted to act. 
For example, Bronfenbrenner and Korb found that the bacte- 
riophage is rapidly destroyed by absolute aleohol at ordinary 
temperatures, but that it resists absolute alcohol for five or six 
days if kept at 0° C, қ 
Facts that favor the living nature of the bateriophage.— 
The fact that the bacteriophage increases in quantity at the 
expense of the lysed bacterium is the fundamental argument 


upon which d'Herelle bases his theory of the virus nature of ' 


the bacteriophage. This he regards as evidence of reproduction 
and multiplication. The theory of the living nature of the 
bacteriophage is also supported by the fact that, within certain 
limits, the bacteriophage possesses the power of adaptation and 
assimilation. Those are regarded аз the combination of char- 
acters that constitute the criterion of life. 

Opposing vicw.—Many investigators have been unwilling to 
accept these criteria as proved in the case of the bacteriophage. 
Increase in quantity of bacteria at the expense of the lysed Бас-' 
terium is not regarded in the minds of many as representing 
reproduction in the sense in which this word is usually employed, 
It is argued for instance that the bacteriophage may represent 
merely а lytic principle elaborated by the bacterium itself and 
be enzymatic in nature. Bordet believes that the bacterium is 
vitiated by the action of the cells of the host and that this 
vitiation continues through the subsequent generations of the 
strains. This is suggested in the strain of B, coli of Lisbonne 


and Carrére which manufactures a lytic principle active against ' 


a strain of B. dysenterie Shiga. D’Herelle regards this strain 
of B. coli as contaminated with the bacteriophage. Such a 
strain, however, it has been shown hy us, produces antilvsins 
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B. coli Lisbonne possesses the inherent ability of elaborating 
lytic principle active for B. dysenteriz Shiga. In other words. 
this property is functional and is perhaps a metabolic process 
upon the part of В. coli Lisbonne. This is strong indication 
that the lytic principle is an enzyme elaborated by, В. coli Lis- 
bonne in this particular instance. 

While many investigators have been willing to accept the 
hypothesis of d'Herelie that the bacteriophage is a living ultra- 
microscopic virus there are still those who are not willing to 
ateept this view as final. Though а'Нетећез view ‘offers much 
in its favor the evidence is not complete. For the present we 
prefer to consider the bacteriophage as an ultramicroscopic par- 
ticulate substance, diastatic in its action, granular in form, 
inanimate, and probably derived from the bacterial cell during 
а stage in its life cycle as a result of the influence of tissue 
cells of the host upon the bacterium. We have likened the bac- 
teriophage 10 the zymogenic granules of the pancreas and its 
lytic action to that analogous to the action of zymogen, and 
enzyme elaborated by the zymogenic granules. The response 
of the lytic principle to external agents such as heat, chemicals, 
disinfectants, and uitra-violet light may be considered analogous ‘ 
to that of various enzymes, The bacteriophage granules, which 
are precursors of the lytic principle, are elaborated by the bac- 
teriai cell, a phenomenon brought about by the cells of the host 
acting upon the bacterium, 

Some other criterion is essential to establish the Jiving nature 
of the bacteriophage. Bronfenbrenner(31) has been unable to 
detect respiration, and we have reported similar conclusions.(32) 
If this could be demonstrated it would be the strongest argu- 
ment in favor of the living nature of the lytic principle. i 

Hadley (23) suggests a joint relation of microbie dissociation 
and the phenomenon of the bacterophage. He states: 

1 therefore regard the suggestion justiüiable that active microbie dis- 
sociation and the phenomenon of the bacteriophage may Tepresent merely 
two different stages in a single phase of normal reproductive and physiol- 
оріс behavior which exists for а Purpose presumably adaptive. 

This Anthor ventures the further speculation that it may 
eventually be demonstrated, not that a foreign filterable virus 
fives rise to dissociation und to autolysis in the d'Herelle sense; ' 
bub o on the Contrary, that the fundamental physiologie reaction, 

microbie dissociation and transmissible auto. 
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* lysis ate only different modes of expression, gives rise to the 
filterable virus, Та a more recent publication Hadley (34) states: 


The working hypothesis ... which I have accepted, is that the bac- 
teriophege is either a deileite stage in the cyclogeny Sf the bacterial spe- 
eles, or a functionally active parüicie accessory to one of these stages; 
and by the term "accessory" Г mean possessing complementary or recip. 
тоса] biologic significance, such, for example, aa the relation of sperm cell 
io ovum. With such a conception there is not any priority of signif- 
feance in the relation between bacteriophagic corpuscle and the сеп that 
generates it; or, indeed, hetween the baeteriophagic corpuscle and the cell 
which it “attdeks.” Both elements аге necessary components of a definite 
reproductive mechanism possessed by many, if not by all, bacteria. This 
constitutes the nucleus of what I have termed my “homogamic theory" of 
bacteriophage aciion, 


The reader is strongly urged to study the work of Hadley 
which has been cited above, Of the hundreds of articles that 
deal with the bacteriophage those of Hadley have given us the 
‘ost logica! and critical analysis of this phenomenon. It is un- 

? fortunate that a review of this kind does not permit а detailed 
discussion of his work and views on this subject, 
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CHAPTER XVI 


FILTERABLE FORMS OF BACTERIA, YEASTS, AND 
SPIROCHJETES. 


It is ме) recognized that certain bacteria and spirochetes 

Ч under favorable conditions will pass through the pores of và- 
i rious types of filters. This is particularly true with certain 
grades of filters if pressure is employed. Examples such as the 
bacillus of guinea-pig pneumonia which passes the Berkefeld V 
filter, а spirillum isolated by von Eemarch which passes through 
Berkefeld and Chamberland F filters, Borrell's water flagellate 


> . Which passes through coarse filters, spirochetes which pass 

+ "|, Berkefela N, V, and W filters acording to Wolbach and Binger, 
б Novy, and others, аге frequently quoted in text books. 

^ In addition to the above forms various other bacteria are ap- 


’ ‚ parently filterable through filters under certain conditions. Fil- 
me^ * terable forms of В. tuberculosis, B. dysenterie, B, typhossus vi- 
4 Ы brio, В. coli, M. aureus, streptococci, B. proteus, yeasts, etc, have 
1 been described. 
The question of filtration has сеп mentioned in Chapter T. 
Н We have seen that there are many factors involved and that 
, filtration is not a sharp dividing line based upon the size of the 
NES particle to be filtered. It is largely a matter of gradation but, 
| ) like diffusibility, is only relative. While we have ledrned а 
‚ great deal about filtration there are many aspects of the subject 
X x that are not full? understood. 
erm + Filtration may be performed with а variety of filters made , 
with many different substances. Porcelain, infusorial earth, as- 
. У, bestos, silica jelly or gelatin, collodion, paper pulp, calcium car- 
por * bonate and magnesium oxide, plaster of Paris, animal charcoal, 
! animal membranes in vitro and in vivo, have all been employed. 
' Оё ай these types of filters the ultrafilters prepared аз sacks 
' , — ог membranes with collodion have apparently offered more ad- 
, Vantage with regard to the determination of size of various 
panicles. Even with such filters, however, only the approximate 
size of particles has bcen delermined by comparilg опе sub. 
stance with another with regard to its filtration qualities, 
. *› Fig well known that any two filters made of the same ma- 
teria? by the same process, gnd under identical conditions may 
у ЕЛ 
' . у 
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vary one from the other in certain respects. Furtaermpre, а 
filter once used is theoretically no longer the same fter it was 
in the beginning. Regardless of the type of filter employed the 
actual operation cf filtration involves the same principles. Pres- 
sure, suction or gravity, is employed as the controlling force. 
This is very important, for 2 substance that ordinarily is non- 
filterable without pressure may prove filterable through a given 
filter if a certain pressure is employed, With regard to spira- 
chetes, for example, it has been thought that the flexibility 
of the microbe itself may permit its passage through the filter, 
particularly when pressure is employed. In other words such 
an organism may be forced or sucked through the pores of a 
filter. This may be regarded as a pure mcchenical process. 
Furthermore, it has been demonstrated that certain organisms 
may in time grow through the pores of a filter without pressure 
from either side of the filter aiding its passage. Bronfenbren- 
ner and Muckenfuss(1) have shown that as a filter is employed 
in a given operation it is found impermeable to bacteria carly 
in the course of filtration but later, after prolonged filtration, 
bacteria easily pass through its pores and can be cultivated from. 
the filtrate, This is apparently due to a coating of the filter ‘ 
with albuminous material and an alteration of its electric charge. 

Tt will be recalled from Chapter I that Kramer(2) has shown 
that by preparing a filter of calcium carbonate and magnesium 
oxide of positive electrical charge bacteria, viruses, and colloids 
used in his cxperiments may be withheld though these agents 
readily pass through filters made of siliceous material carrying 
a negative charge. 

Various factors then should be taken into account іп con- 
nection with the subject of filtration, Length, of time of filtra 
tion, type of filtering, reaction of the filter and of the material 
to be filtered, the dilution of the material to be filtered, type 
and amount of force applied against the filter, the electrical 
charge of the filter and of the particles to be filtered, the ma- 
terial used for control work, the amount of solid matter present 
in the material to be filtered, its viscosity, filtration technic, and 
other factors have been mentioned but are of such importumed 
that they should be répeatad here. It is because of these various 
factors and the failuré of investigators to take them into account - 
that the literature contains many conflicting observations. regard- 
ing the filtration of certain bacteria and other substances, For 
example, the filtration of Leptospira icterohemorrhagie haa 
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2 Dever,bcen'settlcd satisfactorily. Some investigators state that 


`, this organism із filterable, and others that it is not. It becomes 


highly important then for reports to state definitely under what 
conditions filteration ixperiments are performed, Only in this 
way can aceprate information be presented. 


РИЛЕВАВЕЕ BACTERIA 


According to Wherry the bacillus of guinea-pig pneumonia 

> measures 0.5 by 0.7 micron, This microbe is filterable through 

а Berkefeld'V candle. The virus of pleuropneumonia in cattle 

is а small pleomorphic organism which is visible without doubt 

and is filterable through Berkefeld and Chamberland filters. Ac- 

cording to Bordet'this organism appears as a fragile spirochaete 

but shorter than the spirochetes of syphilis, Borrell found in 

stained preparations fork-shaped branchings and asteroid bodies 

and for this reason designated the organism Asterococcus my- 

toides. More recently Bridré and Donatien (3) have cultivated 

* the virus of agalactia contagiosa which they state resembles the 

virus of, pleuropnenmonia of cattle іп its morphology. This vi- 

+, Tus passes the chamberland No. L1 filter but does not pass the 

519 filter. While these two viruses closely resemble each other 

in many respects there are certain differences which have been 

pointed out by Bridré and Donatien (see Chapter У), The схасі 
nature of these viruses remains unknown. 

In 1926 Burnet(4) experimented with filtrates of organs re- 
moved from rats and guinea pigs dead from plague. From 
three filtrates he succeeded in getting cultures of В. pestis. Fur- 
thermore, one of these filtrates when injected into guinta pigs 

` produced the infection. He states that the filterable form of 
В. pestis appeared ав а granule proceeding from lytic di 
» tegration of the bacillus. 
у During the same year Мейоп(5) reported а filterable phase 
іт the life history of В. fugiformis and rclated organisms. Не 
states that the aérobie modification of В, fusiformis is а diph- 
fheroid, the granules of which pass through a Berkefeld N candle 
but xesist artificial cultivation. He suggests that the granule- 
containing filtrate may represent a filterable virulent form of 
the organism. M В 
* Iņ 1910 Fontes(6) noted the presence of virulent filterable 
elements in the pus from a tuberculous abscess. In’ 1922 Vau- 
dremer(?) found similar elements in cultures of tubercle bacilli. 
*,  Calmejte and Valtis(8) have confirmed these observations. 
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These authors have found that filtrates from tuberculous spptum 
or pus contain invisible elements that are virulent, leading to 
а typical tuberculosis, Furthermore, these authors have pre- 
pared filtrates from lymph glands of rabhits twelve days atter 
an intraperitoncal injection of such filtrates and by intravenous 
injection of the filtrate have been able to demonstrate tubercle 
bacilli in the rabbit's spleen. Fontes believed that the so-called 
“Much granules” represent the invisible elements, but this idea 
has not been confirmed by experimental work. 

Other authors have also reported filterable forms of tubercle 
bacilli. Melion and 7059) prepared Berkefeid filtrates of tu- 
berculous materiai and inoculated twenty-one guinea pigs. In 
twelve of these animals they found tubercle bacilli in direct 
smears prepared from the lungs. In three animals they de- 
monstrated acid-fast bacilli in the inguinal and tracheobronchial 
lymph glands. Мо definite evidence of tuberculosis was found by 
histologic methods схсері in the lungs of two animals. Fab- 
ry (10) has also found tubercle bacilli in the glands and spieens of ~ 
animals injected with a filtrate prepared with a fragment of hu- 
man tuberculous lung. Filtrates prepared from the organs of 
these animals and injected into a normal animal resulted in а 
generalized tuberculosis. De Potter(11) has experimented with 
filtrates of avian tubercle bacilli and assumes that the patho- 
genic property of the filtrates is attributable to special forms of 
avian tubercle bacilli, analagous to those in filtrates of human 
or bovine bacilli. Ғсвзіе(12) has been unable to confirm the 
various reports that tubercle bacilli exist in filterable forms. 

Fontes (13) in a recent study on the life cycle of bacteria con- 
cludes that en 

кте bacteria studied are nucteate cells, р ` 

B^—The mucteus of these cells ia dispersed, affecting chromidium forms 
which with the evolution of the bacterium toward reproductive activity 
mobilizes and condenses into granulaions. 

3*—The localization at the poles indicates an amitotie process, the de- 
tails of which cannot be followed up because of the unsatisfactory nature 
of the apparatus used for observation, 

The irregular distribution of the chromidial substance inside hac- 
teria? cells, in the same manner as its regular distribution in cells of the 
amu nature, seems in indieate that cells of the same species are abie to 

ide and mutiply by diltesent processes, 

Де [he growth of these cells und theie reproduction are closely çon- 
nected with We growth and reproduction of the chromidial corpuscles, 

Ds The growth and reproduction of these cells takes place through the 
Cmisrien of granules inside the protoplasm, disposing themselves for the 
ulterior division of the cell, or else through the emission of granules qut. € 

‘ . 
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? side the organism studied, which will give riso to а new reticulum about to 
build up a vow-formed cell. 


Sweany (14) in a recent study of the filterability of the tubercle 
bacillus finds that the granules sprout into actively motile ba- 
cilli and are,non-acid-fast. Other granules he has found resem- 
ble cocci while others go through a gouidiform stage, in which 
the granules аге held together by a matrix, and may sprout 
agaia in a way similar to that in free granules. These gran- 
ules produce tuberculosis in guinca pigs and produce pure cul. 
tures of tubercle bacilli. This author believes that a virus exists 
in tuberculous lesions that is capable of passing through the 
finest Berkefeld filters and producing varying grades of disease 

‚ in guinea pigs, depending upon the particular virus, e states 
that some viruses produce emaciation and death without any 
signs of’ tuberculosis, Others produce typical tuberculosis from 

» Which typical tubercle bacilli may be recovered. 

' Other species of bacteria are also said to produce filterable 
forms. Найіеу (15) describes these under the caption “Filterable 
forms of bacteria secondary to lytic action." Не says: 

We have now observed the influence of the bacteriophage in producing 
modifications in normal, sensitive culture and in normal cells, аз also in 
“pure” S and R strains. We may now turn to its influence in causing 
the generation of filterabie forms of bacteria, In the sections dealing with 
active dissociation in normal cultures it has been noted that euch Cultures 

* may enter a stage of development in which they are fitterable through 
Ferkefeld or Chamberland candles that are wble to hold back all miero- 
scopie forms, In most of these instances no signs nf dissociation have been 

» noted at the time, It is aiso clear, however, that accompanying that 
form of dissociation stimulated by the bacteriophage there often occurs 

‚ ® quick development of filterable bodies. 

In 1922 d'Herelle(16) deseribed filterable forms of the Shiga 
bacillus in filtrates of lysed cultures. Hauduroy(17) has reported 
Giterable stages of В. coli, B. typhosus, B. dysenteriz, and M. au- 
reus under the influence of the lytic, printiple, Tomaselli(18) 
„Ваз made similar observations for D. coli: Hadley states: 

Sume of these filterable forms were reported to yield а faist, opalescent 
growth in broth; and less frequently а delicate growth on solid mediums. 
It seems also that they may propagate in thè invisible state. In still 
‘other instances they may revert (о the original, but still resistant, ccl 
type? oF to modified cell type (соссоја). In such cases the opalescent 

пенни . , 
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де gives place to а definite turbidity. One point of in- 
Ett i ene acts in that, whatever the morphologic type of organism 
submitted to lytic action at the beginning-—rods or соссі-аП show the 
fame disintegrative: trend toward granule formation; and im this end. 
Hate ай meet on а common morphologic footing (d'Herchie and Iau- 
dury).... 1 believe that we may eventually find in this "cosmopoli- 
tanism" or convergence of the rough types, whether morphologic or serclo- 
gie, and whether occurring in connection with simple dissoctation or with 
transmissible autolysis, a deeper significance than now attached; and one 
bearing upon а number of at present inscrutable problems recently in- 
trodoced into bacteriological literature. б 

Feigin(19) has reported a filterable stage of the typhoid ba- 
cilius which is capable of inducing infection in guinea pigs. This 
virus was also obtained through the action of a'lytic principle. 
This author has also obtained a secondary culture from proteus 
X 19 through the influence of a lytic principle. She also has 
produced secondary cultures in vivo with the typhoid virus by 
injecting this virus into guinea pigs. From the brains of these 
animals she has obtained minute coccobacilli, which differed from 
the normal cultures both biochemically and serologically. 

D'Herelle(20) believes that the filterable forms of iysed bac- 
teria such as have been described above are responsible for the 
inhibition of the increase in virulence of certain races of the 
bacteriophage. Не states that if the interval between passages 
is prolonged this effect is not seen, Hadley states in this con- 
nection— 


If, as these workers also assume аз @ result of their more recent ех- 
periments, the lytic principle is bound up with some of these filterable 
forms, ря weil as with intact organisms of the resistant type, producing 
a symbiosis, such ЯҢетаМе forms would also be regarded, in the Bordet 
sense, as lysogenic, ‘ 4 

The filterability of the streptococci із as yet obscure. It is 
believed by some investigators that certain strains of strepto- 
cocci are filterable, Others maintain that only defective filters 
permit the passage of streptococci, ' In the preparation of scar- ` 
let-fever antitoxin several investigators have contended that the 
antitoxic serum produced in horses is a dual serum; that it is 
both’ antitoxie and antibacterial because a few streptococci pass 
through the filter with the toxin. This point is not entirely clear 
as yet. In general the evidence supports the view that some’ 
Strains of ctreptococci will pass through certain filters, and the 
theory has been advanced that these organisms may be consid. 
cred filterable at some stage in their life суб, 


а Th i 
subject needs further careful investigation before any remp. 
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} tory statements can be made in the matter. It is interesting to 
note in this connection that Evans and Freeman(s0) have re- 
ported Streptococcus strains (presumably fillerable) from en- 
cephalitis confirming*previovs findings by Rotenow. 

Among the filterable forms should of course be mentioned 
B. preumosintes of Olitsky and Gates (sce Chapter IX), which 
is both visible and filterable; the virus of "Hühnerpest" pro- 
pagated by Marchoux(21) and by Landsteiner and Berliner, (22) 
but which was invisible to these authors; the virus recently 
described Му Noguchi as cultivated from the tick Dermacentor 
andersoni (see Chapter VIIJ), which is also in ible; and the 
filterable saprophytic bacteria which Borre) cultivated from 
water.(23) Hort, Larkin, and Benians(3t) have reported the 
filtration of the meningococcus; Novy and Knapp(22) the filtera- 
bility of the relapsing-fever spirochwte, while Pryor (33) in 1925 
described the filtration of a “spore-forming coccus” which he 

“thought to be the cause of scarlet fever. 

” We may conclude that filterable forms of several different 
species ог bacteria exist and that they tend to occur in the form 

, of granules, The relation of the bacteriophage to the produc- 

* tion of these filterable forms of bacteria is not as yet fully un- 
derstood. Further work should be done along this line of 
investigation. 


FILTERABLE YEASTS 


In 1926 Pappenheimer was investigating the cause of a pe- 
culiar disease of fowls which was associated with paralysis. 
In our laboratory filtrates were prepared from the emulsion of 

* the sciatic nerve from one of these fowls. Tests for carbon di- 
pxide (СО,) proguction were performed with these filtrates ac- 
cording to the method described by MeKiniey and Coulter, (24) 
and after twenty-four to forty-eight hours it was found that 
considerable carbon dioxide (СО,) had been produced in the 

? tubes containing the filtrate when kept at incubation temper- 
ature. Pappenheimer made cultures from these filtrates and 
found smaller yeastlike organisms in the bottom of the tubes, 
? While he was unable to produce the chicken paralysis witht these 
cultures, the observation was interesting since we felt that this 

» was an instance of a filterable yeast. In 1927 Lewis(25) ro- 
ported а filterable-yeastlike microórganism which he cultivated 
in the course of experiments with the virus of hog cholera. "This 
organism he states is pleomorphic in extreme degree. He found 
both ,pcecoid and baciliary forms at the lower limits of visibility. 
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The culture could be completely regenerated after filtration 
through Berkefeld N filters although these filters retained Bacil- 
lus abortus Bang. The culture is not pathogenic for swine. 
Lewis has named the organism Schizos&ccharomyces filtrans, 


FILTERABLE PROTOZOA 


In 1902 Borrel(26) described filterable microdrganisms which 
he obtained from water and which he believed belonged to the 
Protozoa, These organisms were apparently water, flagellates 
Schaudinn(27) two ycars later presented the idea that certain 
Protozoa might have a stage in their life cycle in which the 
organisms exist in the form of spirochates., Novy and Mac- 
Neal(28) in 1904 described cultures of trypanosomes which were 
во small that they passed through very thin fillers and recently 
Reich») has reported that the liver and spleen of animals in- 
fected with Trypanosoma bruce! frequently yield filtrates which 
are infectious. Leptospira icteroides is filterable under cer- 
tain conditions, but this organism is certainly not a stage in the 
life cycle o£ any other parasite. The postulate that füterable 


forms may represent a stage in the life cycle of various parasites . 


is frequently referred to. The fact that so many different bac- 
terial forms are apparently filterable and the tendency of these 
forms toward “granule formations” is strong evidence in favor 
of this idea. The study by Lewis of his filterable yeast is a case 
in point and as he states “seems to fuifill quite perfectly the 
requirements of this very general postulate,” 

‘The possibilities of filterable forms of bacteria, yeasts, and 
spirochates have only been touched upon by investigators. That 
such forms do exist scems to be beyond doubt. From the stand, 
point of the mechanism of infection and communication of 
disease these observations are very important, and the entire 
subject should receive special study in the hope of ascertain, 
ing the fundamental principles involved in the production of 
these forms and their relation to disease processes, 
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CHAPTER ХУП 


INTRACELLULAR INCLUSIONS IN FILTERABLE 
VIRUS DISEASES 


The exact nature of the intracellular inclusion bodies is not 
known. That they are uniformly associated with many of the 
discases of filterable virus origin is now a well-established fact. 
Indeed, in many diseases they are regarded ag pathognomonic. 
In some diseases both the filterability of the virus and the pres- 
ence of inclusion bodies have been demonstrated. In others in- 
clusion bodies have been found but the nature of the virus 
remains obscure. Based upon the presence of inclusion bodies 
these diseases ure thought to be caused by filterable uitrami- 
сгозсоріс viruses even though the causative agents cannot be 
determined. In other diseases filterable viruses have been de- 
reonstrated but no inclusion bodies are found. 

Most of the inclusion bodies have been named for their di 
coverers; for example, Negri bodies in rabies and Guarnieri 
bodies in variola and vaccinia. Аз has been pointed out in the 
chapter on mosaic diseases of plants the inclusion bodies when 
first discovered were thought to represent parasites. This has 
been true for practically all of the filterable virus diseases іп 
which inclusion bodies have been found. The theory gencraily 
in acceptance twenty-five years ago was that these bodies re- 
presented protozoans having complicated life cycies. In 1907 


Prowazek(1) suggested a modification of this idea. According | 


1o Prowazek's theory the inclusion bodies represent the causative 
agent embedded in reaction products of the cell. This author 
designated these bodies Chlamydozoa. (armored or cloaked ani- 
mals), In 1912 Lipsehütz() suggested the term Strongylo- 
plasmata for this group of bodies. Later, in 1921, Lipschütz 
suggested а classification as follows: 


2. Cyto-sikon group În which the inclosures lie in the cytoplasm. 
Examples of this group are trachoma, molluscum contagiosum, 
fowl-pox, and sheep pox. са 

2. Karyo-ofkon group in which the inclosures | 
Examples of this group are warts and herpes. 

390 


m the nucleus, 
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* 3. Cytoparyo-oikon group in which the imelusion bodies lie in both 
+ the cytoplasm and nucleoplasm. Examples of this group аге 
, variola, and para-vaccinia. 

In a recent review of the cell inclusions Findlay and Lud- 
ford(3) state, “It is dbubtful whether in the present state of our 
knowledge the term ‘Chlamydozoa’ сап be justified as a cloak 
for anything except our ignorance," According to Lipschütz 

, the inclusion bodies consist of the virus itself and are found 
within the affected сей as a result of proliferation of the infec- 
tious agent, In connection with this idea Goodpasture(1) states: 

While this hypothesis is a most useful one and has much to support it, 
further evidence is necessary to establish its truth. One cannot rely en- 
tirely upon the morphology of minute components of such structures to 
establish with certhinty their parasitic nature. But whether or not it 
will eventually be proved that the inclusions and the virus are identical, 
nevertheless much can be learned by clearly recognizing a constant asso- 
ciation of а characteristic type of inclusion with amy particolar infection, 

3 and by identifying it with the lesion so that a diagnosis of the infection 

, on this basis may be possible. 

This author, for example, has shown that by injecting the her- 

pes vifus into the right masseter muscle in rabbits, the virus 

, passes up the axis cylinder of the nerve trunk and demonstrable 
herpetic lesions are to be found within the motor nucleus of the 
right fifth cranial nerve. Goodpasture believes it quite prob- 
able that the virus grows within the axis cylinder and so pro- 
pagates itself to its central termination, That the inclusion 
bodies described in such an experiment, are directly associated 
with infection with the herpes virus is beyond question for they 
are produced at will and it is possible to prophecy thejr future 

> location depending upon the portal of entry. 

» We have seen, in the previous chapter that Smith(5) was able 

‚ to confirm the observations of Goldstein in regard to the vac- 

У '  uolated bodies found in the epidermal amd hair cells of leaves 

» of mosaic tobacco plants. Smith was unable to discern any au- 

+“ tonomous movements in the vacuolated bodies and in only one 
instance observed a limiting membrane, Here again the inclu- 

sion bodies are regarded as the product of a reaction between the 

У virüs and the cytoplasm of the сей, ‘They do not occur in normal 
healthy tobacco plants hut are uniformly found in these plants 

» when infected with mosaic. it is evident then that inclusion 

holies are associated not only with ûlterable virus diseases of 
animals but are found also in filterable, virus diseases of plants. 
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i E i describe several of the types 

is proposed in this section to | С i 
i aaor bodies which have been associated with filtetable 
Virus diseases, Among the diseases for which inclusion bodies 
have been described are the following: , 


1. Diseases of man. 
Variola. 
Vaccinia. 
Peravaccinia. 
Alastrim. 
Molluscurs contagiosum. 
Trachoma. 
Yaricell 
Verrue: 
Inclusion blennorrhan. 
Herpes. 
Simplex. (febrilis). 
Genitalis. 
Zoster. 
Scarlet fever. 
Chronic epidemic encepha- 
itis (in а child). 
Acute encephalitis. 
lndusions in diseases ot 
unknown origin. 
2. Diseases of animals. 
Sheep-pox. 
Foot-and-mouth disease. 
Rabies, 
Distemper, 
Borna disease, 
Swine fever. 
Salivary-gland disease of 
x guinea. pigs. 
Virus-IH infection of rab- 
bite. 


Kurlif bodies in guinea 


pigs. 
African horse sickness. 
3. Diseases of fowls 
Fowl pox. 
Fowl plague. 
Масћез diseuce of fowls. 
4. Diseases of fishes. 
Lymphocystic di 
fishes. ¢ ; 
Сатр pbx. 
Epithelioma of Barbus. 
5. Diseases of insects. 
Polyhedrat diseases of in- 


sects. 2 


У 


tt disease of уру 
moth caterpillars. 
|t disease of the 
European wün-moth 
caterpillar. 
Jaundice of silkworm 

Nuclear disease of the ca- 
terpillar of the cabbage 
white buttery (Pieris 
Brasnicee). 

Diseases of plants. 

Мозак diseases of tobacco, 
sugar cane, corn, potato, 
petunia, bean, tomato, 
and mosaic-free plants, 


INTRACELLULAR INCLUSIONS IN VARIOLA, VACCINIA, ALASTRIM 
AND PARAVACCINIA 


Renavt(6) in 1881 first described inclusion bodies within the 2, 
epithelial cells of variolous lesions. Guarniori(7) later described 
these bodies, and since his report in 1892 these intracellular 
bodies Rave borne his name. Guarnieri regarded these bodies as + 
protozoans and suggested the name "Cytoryctes vacpinae" for 
them. It was also believed’ at this time that the inclusion bo- 
dies represented a stage in a complicated life-cycle of Protozca. 
Evidence to prove this concept was brought forward by Council 
man, Magrath, and Brhickerhoff,(8) Calkins,(9) and Prow 
zek.(2) Copeman and Mann,Q0) however, thought that tt де ос 
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1 "bodies arose from some performed cell constituent, while 
Ewing(i!) believed that the vaccine bodies originated from nu- 
clear materia! of the сей, The vaccine bodies are found in the 
epithelial cells of affected parts of the skin sand also between 
К the cells. "They measure only from 0.2 to 0.5 micron in size, аге 
” Gram negative, and stain with Loffler’s flagella stain and with 
Giemsa's. Borrel(12) described similar bodies in sheep pox in 
, 1903. Inclusion bodies have been described for alastrim by 
„ Castellani and Chambers, while in paravaecinia both cytoplasmic 
changes ard intranuclear inclusions have been described by Lip- 
schütz which are similar to those found in herpes infections. 
There have been many conflicting views regarding the nature 
and origin of these bodies, In 1920 Röing(18) reported that 
` the vaccine virus itself could be demonstrated in the cytoplasm 
of the celi and at times within the nucleus as minute granules 
which stain a deep red with Azur 1. On the other hand Wood- 
по T OCk(M) has brought forward the old concept that the inclu- 
„ ` sion bodies are the result of the digestion of red blood corpuscles. 
Others have suggested that the vaccine bodies are the result 
of leucocytic migration or leucocytic fragmentation. In 1922 
* *, Cowdry (15) attempted to show that the vaccine bodies are formed 
from the normal constituents of the cell and that these sub- 
stances increase in quantity under the stimulus of vaccination. 
Барғауйа) staining has demonstrated bluc-staining droplets 
within larger pink-staining masses. There is no evidence that 
these bodies contain microórganisms. Prowazek has de: ated 
the small bodies found in pox lesions in man and in vaccinia as 
Chlamydozoa (armored or cloaked animals), but they are also 
> referred to as Prowazek's elementary bodies. Later these 
E ‘bodies become larger and are thought to represent a later stage 
in the development of the virus. Th larger forms are referred 
> — to as Prowazek's initial bodies. Lipschütz(2) has designated 

» ета as Strongyloplasma, variola-vaceinte. 
>> Тһе Guarnieri bodies ate spherical or half-moon-shaped bod- 
ies thought to consist of chromatin or plastin substance, They 
‚ are usually found lying close to the nucleus. In fresh prepara- 
` tions some investigators have described amæboid movement, but 
T Schütz(15) їр a recent paper states that they are decidedly not 
` amebalike. This author believes that they are true cytoplasmic 
structures which Arise as a result of infection of tbe cell by the 
vaccinia virus. According to this view it is reasoned that the 
+, minute infectious agent, the vaccinia virus, enters the cell sub- 
stanes and there becomes inclosed by a plastin substance which 
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is produced by the plasma of the сей as a protective reaction “ 
кг, the invader. Further, the vaccine body again bcaks 
down, the initial body passes into the plasma of the сей, there 
disseminates and separates into elementary bodies. The wte- 
mentary bodies may then reach the outside world again after 
the epithelial cell is destroyed and is capable of again infecting 
а susceptible host. р 

The view which seems to be most acceptable at present із that 
the vaccine bodies arise from the normal constituents of the 
сей as a direct result of the infection. The virus may or may 
not be present in the inclusion body. This is not known and at 
present there is apparently no method known by which this can 
be determined, It is known from culture experiments with. the 
vaccinia virus that living cells are essential in the medium in 
order 10 obtain multiplication of the virus. The virus docs not 
multiply upon dead organic matter. This suggests to the writer 
stilt another possibility regarding the origin and nature of these. 
bodies. The virus after entering the cell finds there certain 
substances which are essential for its existence and multiplica- 
tion. Through the functional activity of the virus these sub- 
stances or these elements are withdrawn from the normal сей 
constituents to the virus. The presence of this substance in 
close proximity to the virus in addition to serving as nutritive 
material may also assist in creating physical conditions favorable 
for multiplication of the virus. As the virus multiplies more of 
this substance is needed and as a result of virus multiplication 
and accumulation of the specific substance or substances the vac- 
cine body becomes larger. That the vaccine bodies do become 
larger is well known. If such were the case it should be pos- 
sible to provoke the formation of vaccine bodies in'tissue culture, 
provided, of course, that the specific substance or substances so 
necessary are present in the cell in sufficient quantity and other 
sources of supply such as exist in vivo and may not exist in 
vitro are depended upon for constant replenishing. In case only 
а limited supply of the material essential for multiplication of 
the virus is present in the cell, one wowld expect the virus to 
multinly to а certain point, then stop. This is apparently just 
what happens in tissue culture, and repeated transfers to fresh 
tissue-culture medium аге necessary in order to continue propa 
gation of the virus. Parker and Nye(17) cultivated the vaccinia 
virus for oné hundred thirty-two days in tissue culture, but the 
virus was not demonstraole after one hundred nincty-eight days. 
Gracium and Oppenheimer(18) cultivated the,vaccinia "gravulos" 
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in viro with embryonic tissues for seventy-one days as tested by 
* rabbit corneal inoculation. As Parker and Nye have pointed 
‘out in connection with their culture work with the herpes virus 
the’ tissue cells themselves may be damaged» by the infectious 
x agent and as a consequence their growth is checked, which results. 
in the eventual death of the virus. 
* As the cultivation of the filtrable viruses, such as vaccinia 
virus, develops we believe that more light will be thrown upon 
> the origin and nature, of the inclusion bodies. 16 seems highly 
probable txat the infectious agents are present in the inclusion 
bodies and that the formation of the inclusion bodics is closely 
related to growth and multiplication of the virus. 


INCLUSION BODIES IN OTHER POX DISEASES 


Тһе presence of inclusion bodies in sheep pox has already been 
mentioned. Borrel has shown that bodies like Guarnieri bodies 

. — өзге present in the infected epidermal cells in this disease, Such 
» bodies have also been described by Вовс,(19) Paschen, (20) and 
others. The virus of sheep pox has not been cultivated. Pox 
disease also occurs in swine, goats, horses, and fowls. Gins and 

; » Rickert(2!) consider all forms of pox as originating from human 
Я грох since they claim to have changed human, swine, goat, and 
sheep pox into cowpox by passage through rabbits, Inclusion 
bodies have not been reported for pox disease in goats or swine, 
Intracellular inclusions have been described for horsepox and 
fowl pox. The relationship between fowl pox and avian diph- 
theria has not been definitely determined. Some investigators 
believe that these diseases are identical but are characterized by 

> different manifestations. (Sce Chapter XL) In 1878 Bollin- 
„ger (22) and ‘in, 1881 Rivolta(23) described the flagellate Cer- 
‘comonas galtin in avian diphtheria and the cytoplasmic 
+? inclusions which are present in the epidermal cells of fowl pox. 

‚ These bodies were thought to be Protozoa, In fowl pox gre- 

+» garincs were thought to be the etiological agents. Later, va- 

Ы rious bacterial forms were isolated from cases of the disease, but 

> the true virus was definitely shown to be filtcrable by Marx 

Я and Sticker(24) in 1908, In the same year Місһаеі (99) de- 
. scribed tho cytoplasmic inclusions in, some detail The inclusion 

+ bodies or “chickenpox bodies" which ûrê found in the epithelial 

cells have been -designated Chlamydozoa by Prowazek and 
Strongyloplasma by Lipschütz. Emulsions as well as the fil- 

4 trates from epitheliomas contain small, spherical, nonmotile 
badiçs, (0.25 micro» in size) which stain by Giemsa's with Loef- 
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% flagella stain, and with Ziel's fuchsin, Prowazek beljeved | 
at es small bodies may penetrate the epithe! al cells and 
there produce reaction products which result in'so-calicd cel- 
lular inclosures, or pox bodies. The theary has also been ad- 
vanced that the pox bodies are thrown ОЙ by the, nucleus of 
the cell and that the disease is due to a toxin thrown off dy 
the epithelial cell. Bordet has cultivated smali granules which 
measure about 0.2 micron, from diphtheritic material, on blood- 
gycerin-polato agar, but these cultures while they produce diph- 
Шегіне membranes do not produce epithelioma on thenkin. Тһе 
cytoplasmic inclusions in fowl pox are said to be partly lipoidal 
in character, but they have been little studied and very little 
is known conccrning their true nature or their relation оће 
disease process. 

Inclusion bodies have also been deseribed in a form of рах 
affecting the carp by Locwenthal, (26) but they have been tittie 
studied and very litle is known concerning them, (бес Chapter “ 
хіп.) B 


INCLUSION BODIES IN HERPES INFECTION AND IN ENCEPHALITIS 


Lipschütz has reported intranuclear inclusions in all forms , 
of herpes іп man, while Luger and Lauda, (27) Goodpasture, and ' 
othors have described similar bodies in experimental herpes in- 
fection in rabbits. Other investigators, Da Fano(28) and Cow- 
dry and Nicholson, (15) have described nuclear and cytoplasmic 
granules in experimental encephalitis in rabbits which are not 
specific for herpes and differ from those deseribed by Lipschütz, 
Levaditi (29 has also described inclusions in experimental en- 
cephalitla in rabbits which he designates "neurocorps enccphali- 
tiques" but there is grave doubt that the virus LeVaditi experi 
mented with is any other than a herpes virus. ` 

‘The inclusions described by Lipschitz are without doubt spe- 
cific since they are also found in the epithelial cells of the 
inoculated rabbit's cornea. These bodies are found only in the ,, 
actual seat of the lesion, and in herpes simplex and herpes реп. 
alis they have beon found to appear in serial inoculation. The 
herpetic inclusions are found almost exclusively with the nucleus ~ 
and not in the cytoplasm of the сей, In describing the herpetic 
inclusions in rabbits Goodpasture states: 

lt is im ganglion and neuroglia cells e nervous sy: 
кш bon уам ay the бар Va MIRO ma 
Kirsten cells they are readily disti guishuble from the coagulated nu- 
cleoplasm or normal cells by iheir size and configuration, The material 
of which they ace constituted greatly inercases in amount and may f 
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а compact trescent or ring about the nucleolus, and eventually it com- 
pletely fits the intranuclear space which coincidently enlarges. 10 gan- 
Elion cells thery is not the same tendency for uid to accumulate within 
the nucleus as in other types of cells in herpetic lesions, and in conse- 
quence the intranuclear ойу may not be separated from the nuclear mem- 
brane by a gear zone. The nucleolus shows evidences of disintegration 
when the inclusions are well developed. IL loses its symmetrical contour, 
becomes vacuolated or breaks up into itregulur granules. The chromatin 
is collected about the nuclear membrane, The cytoplasm of such à gan- 
alion cell shows chrommtolysis partial or complete. In other cells of the 
rabbits in tissues acutely infected with the virus of herpes simplex, an 
yt? material with staining properties identical with that ,of 
clusions in ganglion cells presents an even mora conspicuous 


Goodpasturb was able to produce herpetic inclusions within 
twenty-four hours following injection of herpes virus directly 
into a corpus luteum of early pregnancy in rabbits. The ovary 
was also found io be very rich in virus. ‘This author states 


"that the time clement is a most important factor in producing 


herpetic inclusions since the inclusions disappear rapidly іп 
Jesions caused by the virus and in dircct proportion active virus 
diminishes. 

Lipschütz has reported the following staining properties of 
"the herpetic inclusions: 


Stein Inclusions. көнесі. 
Red. Dark bive, 
sosin. Dark red. Blue black. 
Heidenhain's iron-ħæmatoxyiin. Yellow gray. Раск, 
Pappenheim. Green or blue. Red. 


"Of the origin and nature of herpetic inclusions we “mow lit- 
Че. Імегезізһаз been sustained in the study of the herpes vi- 
‘ruses particularty because of the opinion in some quarters that 
the herpes virus is the cause of epidemic encephalitis, Da Fa- 
no(29) has described inclusion bodies in both acute encephalitis 
and in chronic epidemic engephalitis. These bodies he designates 
"minute bodies" which he found only rarely in the nerve celis 
but commonly in the cytoplasm of polymorphocytes and in а 
few instances they were noted in lymphocytes, These bodies, 
however, are not to be confused with herpetic inclusions. 

In Borna disease or menings-encepbale-myelitis of horses (see 
Chapter IV), Joest and Degen 20) in 1909 described intranuclear 
inclusions in the ganglion cells of the brain. In the ganglion 
cells of the cornu ammonis the oxyphilie corpuscles described 
by these authors are noted in large numbers. These formations 
wérefound in cells which presented а marked ratification of the 
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karyoplasm but were not found in degenerated сегіз, ‘These 
bodies were also in evidence in the pyramidal cells of the сеге- 
brum, medulla, anterior horns of the spinal cord, and in (һе 
nerve celis of the spinal ganglia. In a recent paper Nicolau and 
Galloway (32) describe similar bodies in the large ganglion cells 
оѓ the cornu ammonis of horses having this disease, 


INTRACELLULAR INCLUSIONS JN VARÍCELLA AND VIRUS 
INFECTIOM OP RABBITS 


In 1906 Tyzzer(32) described inclusion bodies in 4he cells of 
varicella lesions іп man, Both nuclear and cytoplasmic inclu- 
sions were found by this author. The nuclear inclusions stain 
red with cosin-methyline blue and range from 6 miczons 
in diameter. The cytoplasmic inclusions stain deep purple and 
im some instances central granules are present. The lesions 
produced upon the rabbits cornea with varicella material do 
not contain inclusions as in the case of vaccinia virus. Berta- 
гей (33) claims to have produced skin lesions in rabbits with 
varicella material and to have demonstrated intracellular inclu- 
sions in the epidermal cells, Kesselitz and Mayer(24) have dei 
seribed inclusions in the cytoplasm of epithelial cells of varicella 
lesions, while Gins(35) also claims to have produced skin lesiona 
in rabbits. Rivers(86) has described intranuclear inclusions in 
the cells of the testis of monkeys in which he had previously 
inoculated varicella material. These inclusions were observed 
in the glandular cells of the testicle removed on the sixth day 
and stained with eosin. In a second monkey showing a similar 
gross reaction to the inoculation the testicles were removed on 
the eighth day but no inclusions were found. ү 

Virus HI was discovered by Rivers and Tillett(3?) while at- 
tempting to produce chicken pox in rabbits. The agent produces 
gross as well as microscopic lesions in the cornea, skin, and 
testicles of rabbits, Microscopically the lesions on the skin and 
cornea of the inoculated rabbits showed the presence of intra. ' ¢ 
nuclear inclusion bodies, Later Andrews and Miller (38) found 
this virus in the testicles of apparently healthy rabbits. 

INCLUSION BODIES IN MOLLUSCUM CONTACIOSUM. 

Wile and Kingery (39) wot only demonstrated that the virus 
of molluscugi contagiosum is filterable but also succeeded. in 
producing experimentally in human beings typical tumors with 
the sterile filtrate of typical lesions. These authors believe that 
the molluscum body develops late in the stage of evolution of 
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the sumor and further that it represents a degenerative stage 
in this evolution, MacCallum(49) in 1892 suggested that the 
bodies were formed as a result of nucleolar extrusion. This 
phenomenon, however, as pointed out by Findiày and Ludford,<3) 
js usually associated with normal keratinization in most epider- 
mat cells. The exact nature of these bodies is unknown. In 
the past they have been mistaken for parasites but this concept 
receives litiie serious thought today. (See Chapter ТИ.) 


ә INTRACELLULAR INCLUSIONS IN RABIES 


In 1903 Negri<4t) first described cytoplasmic inclusions in the 
ganglion celle of the brain in rabies. These bodies, the so-called 
Negri bodies? now considered diagnostic of the disease, were 
first thought to be protozoan parasites. There are few who 
adhere to this belief to-day. Minute basophilic structures are 
found within the Negri bodies which some investigators believe 
represent the trae virus of rabics. The filterability of the in- 
fectious agent in rabies is beyond question. The virus then must 
be exceedingly small. ‘The vires of rabics is supposed to have 
been cultivated by Noguchi(42) in 1913, but this work has not 
been confirmed and the descriptions given for the minute pleo- 
' morphic bodies cultivated by this author remind one somewhat 
of yeast cells. The Negri bodies are small, round, oval or three- 
cornered inclusions measuring about 1 to 27 microns in length 
and 1.5 to 5 microns in width, Within the bodies are found very 
small refractile, and sharply outlined granules. Volpino(43) 
has described these bodies are consisting of a hyaline ground sub- 
stance in which sometimes very small, marginal, and,at other 
times, larger, central formations seem to be embedded, which 

2 contain very fine ring-, rod or dumb-bell-shaped inclosures, 
Manoudlian and Viala (44) believe that the true parasite is a rod- 
shaped body which agglutinates and degenerates to form Negri 
bodies, These authors believe the “Encephalitozoon rabiei” is 
closely related {о the 50-сіНей “Encephalitozoon cuniculi” found 
in spontaneous encephalitis of rabbits. Goodpasture has pro- 
posed the name “lyssa bodies" for these inclusions and sug- 
gests that they are formed by the neurofibrillar materia? of the 
celi. Stained by the Giemsa method the Negri bodies are light 
blue in contrast to the darker and more violet cell bodies. Ву 
the Mann methdd the nerve celis are stained pale blue, and 
іп their eytoplasm the small oval'hodies аге found stained 
deep pink. The Negri bodies are considered to be specific for 
rabids, though Acton and Harvey (45) believe that they are as- 
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sociated with nucleolar extrusion. Their exact origin and nature 

are still unknown. 3 
INTRACELLULAR INCLUSIONS IN SCARLET FEVER 


In 1904 Mallory(46) reported certain protozoan-like bodies in 
the epidermal cells of four cases of scarict fever. ` Luter this 
author withdrew his protozoan theory of the etiology of scarlet 
fever and described a bacillus (sve Chapter V) as the cause of 
the disease. Peculiar bodies have also been found by Dihic(s?) 
in the polymorphonucicar leucocytes in scarlet fewr. These 
bodies closely resemble cocci. Macewen(i8) has also described 
these, while Hoefer(49) has reported certain inclusion bodies 
found in cases of the disease. More recently Snrnowa-Zum- 
kowa (50) has described certain oxyphil bodies in the tissues and 
bile of persons dying of scarlet fover. These bodies stain with 
eosin, and cultures which were positive through several trans- 
fers when injccted into rabbits gave rise to similar bodies in 
several animal passages. These bodies are apparently attached 
to the red blood cell and are highly refractile, This author be- 
lieves the bodies he has described to be the actual virus of 


scarlet fever and that they prepare the вой for invasion of the . 


streptococcus universally present іп the disease, Such interpre- 
tations must be viewed with conservatism in view of the con- 
vineing evidence which during the past few years has been 
presented for the streptococcus as the cause of this discase. 
As pointed out by Findlay and Ludford similar bodies are found 
in most diseases caused by pyogenic organisms and they are 
probably,the products of cytoplasmic degeneration, $ 


INTRACELLULAR INCLUSIONS IN TRACHOXA 


AND INCLUSION BLENNORRH«EA * ` 


Cytoplasmic inclusions were first described in trachoma by 
Ilulberstdler and Prowazek(51) in 2907. These bodies appear 
as reddish violet, round or ovoid grarules when stained by the 
method of Giemsa. According to Noguchi and Cohen (52) а clear 
halo surrounding the bodies is sometimes noted, As the number 
of bodies increase they become surrounded by a bluecstamn 
substance, plastin. Sctapings from the conjunctiva inject H 
the eye of the orang-utan ргойпсей conjunctivitis associated 
with the appearance of similar inclusion bodies. Later е 
stidter and Prowazek found similar inclusions in cases of pe 
complicated bennorrhaaf nconatorum and their specificity wes 
questioned. Soloviet (53) has also described, smail round 4 h 
staining bodies in the epithelial cells of the conjunctiva. Я 


{ 
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are mot specific for trachoma, Herzog(54) has suggested the 
theory that the gonococcus is transformed into small forms with- 
in {һе epithelial cells and that the so-called trachoma bodies аге 
in reality changed genococci. Williams(55) has regarded the in- 
clusion bodies in trachoma as degenerated forms of the Koch- 
Weeks bacillus, 

In 1913 Noguchi (56) claimed to have cultivated the trachoma 
bodies, although he was unable to induce trachoma in monkeys 
with his cultures, Recently this author has cultivated a Gram- 
negative bacillus from trachoma cases and has produced a tya- 
chomalike condition in monkeys with this culture. 

А disturbing factor in connection with the so-called trachoma 
bodies is the discovery of similar bodies іп nongonorrhcal con- 
junctivitis of the newborn, LinderG7) inoculated two baboons 
with pure inclusion blennorrhea material and obtained a clinical 
and histological picture which he states cannot be distinguished 

* from trachoma. Woilfrum(58) has inoculated similar material 
into human beings with the same result, Findlay and Ludford 
present, three possibilities in regard to nongonorrheeal conjunc- 
tivitis of the newborn; namely, it is а disease duc to a virus al- 

> lied to that of trachoma, the virus is the same in both diseases, 
‘or trachoma bodies are due to the virus of nongonorrheal con- 
junctivitis of the newborn. A fourth possibility occurs to the 
writer; namely, that the inclusions may be the result of some 
secondary infection. 

According to Solovief the trachoma bodies are the result of 
nuclear degeneration. It would perhaps һе more conservative to 
stute that their origin and nature are unknown. ә 


4 INTRACELLULAR INCLUSIONS IN VERRUCA 


Intranuclear “inclusions were described in warts by Lips- 
chütz($9) in 1924. Similar inclusions һауе been found in in- 
fective warts of dogs by Ulimann.(60) That warts are caused by 
1» a filterable virus has been demonstrated by, Wile and Kingery. (61) 

The inclusions in warts have been little studied and. little is 

known concerning them. They are basophilic and according to 

> sore authors are said to терг esent a stage іп the degeneration of 
the nucleoli. А күй 


INTRACELLULAR INCLUSIONS IN DISEASES OF UNKNOWN ORIGIN 
‘Intracellular inclusions have been described in'a varicty of 
diseases of obscure origin. Jesionek und Kiolemenoglou (62) in 
1904, reported profozoan-like structures in the organs of an 
beatis 
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eighth-month syphilitic stillborn fexus. Groups of from ten to^ + 
forty of these bodies were found in the connective tissue of the * , 
cortex of the kidney. They were also present іп ‘the liver and 
lungs. Ribbert(6S) has reported a similar case jn wilich 
similar bodies were present іп the kidneys and parotid gland. 


Loewenstein(64) found inclusion bodies in the parotid glands of — , 
four children. These inclusions were thought by Ludwig to re- | 
present protozoans, either coccidia or other Sporozoa. Pissano ‹ 
(65) also found inclusion bodies in the nuclei of the cells of the + 
kidney, liver, and lungs of a stillborn syphilitic fatus, while қ 


Mouehet (86) described similar bodies in the bile-ducts of an 
eighth-day syphilitic infant having icterus. Smith and Weid- 
man(67) described intranuclear bodies, which the} regarded as 

amobe, in the liver and kidney of a newborn infant. Later ‘ 
these authors reported a similar case of intranuclear bodies in 

а child 2 months old, dying of pneumonia and having a negative 
Wassermann. Же 

In 1921 Goodpasture and Talbot(4) reported the presence of * , ° * 
acidophilic intranuclear bodies in the lungs, bronchi, and glo- 
meruli of the kidneys of а child 6 weeks old. This child had , 
had green stools from birth, glucose in the urine, wdema of the 
feet, and a cough. These authors suggest that the inclusion. 
containing cells originate from the mononuclear ceils situated 
just outside the endothelium of the small veins and capillaries. 
Пе Lange(68) has reported а similar case, while МіНег(69) has 
described three cases in which inclusions were found, 

Von Glahn and Pappenheimer(70) in 1925 described intra- 
nuclear inclusions in the cells of the intestine, liver, and lung of 
à man, 36 years old, dying with abscess of the liver, ulcerative 
colitis, pleurisy, and lobar pneumonia. It was not Possible for 
these authors to demonstrate granules within these inclusions, 
1 general their staining reactions were similar to those obtained * 
‘with herpetic inclusions, Von Glahn and Pappenheimer state in E 
regard to these inclusions: y f 


of carrying on an experimental study with 

an interpretation of the nature and signif. r 

for the present rest upon the basis of similar " 
There can be no doubt that the inclusions 


ее viscera of infants, «nd by Lipschütz and 
neous and experimental herpes, and in the 


Various neural amd viseçral ко y 
viruses, 10191 ші visceral lesions produced by the herpetic and related 


` 


2 
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7! These uuthors suggest that the bodies described by them, 1n- 

У cluding those occurring in herpes and related conditions, repre- 
sent merely a'peculiar form of nuclear degeneration, not produced 
Буға specific virus су the bodies indicate the! localization of the 
herpes virus or а similar virus within the nucleus of certain 
viscera) cells. 


INTERCELLULAR INCLUSIONS IN FOOT-AND-MOUTH DISEASE AND IN 
SWINE FEVER 


Gins(33} has described intranuclear bodies in foot-and-mouth 
disease in the lesions on the tongue of the guinea pig. These 
inclusions are about 1.5 microns in size and stain deep red with 
Giomsa’s. 19 1908 Terni(?1) observed a protozoan-like body 
(Cytorkyetes) , which measured about 0.5 micron, in the vesicular 
lymph and in the internal organs of over four hundred cattle 
affected with foot-and-mouth disease. More recently (1926) 

, Ruhle(72) reports inclusion bodies similar to those described by 

› Gins in the epithelium of the tongue of the healthy guinea pig 

and cow. According to Gins the inclusion bodies described by 

him ate found early in the course of the disease, usually two or 

» three days after infection. The significance of these inclusions 

' , remains undertermined, but their occurence in normal epithe- 
lium would indicate that they are not specific. 

All attempts to demonstrate the virus of hog cholera or swine 
fever under the highest magnification or to cultivate it in arti- 
ficial media have failed. Uhlenhuth and Béing(73) have de- 
scribed certain cellular inclusions in smears prepared from the 
cqnjunctiva. These inclusions represent very fine granules sim- 

«ilar to the so-called trachoma bodies in man to which reference 
„has already been made. Such inclusions have been considered 

‚ "by Halberstüdter and Prowatek as parasites. Their exact na- 
ture is unknown, 


CELLULAR INCLUSIONS IN FOWL PLAGUE AND MACFIL'S 
У. DISEASE OF FOWLS 


Rosenthal,(74) Kleine,(75} and Schiffmann(?6) have described 

» smali ring-shaped bodies inside and outside the brain cells in 
fowl plague. These inclusions arc said to be nof unlike the 
Negri hodies. They may also be round or oval, and their true 
nature has not bgen determined. Prowazek(77) did not confirm 
these findings but described in the brain tissue smàl) dumb-bell- 
shaped forms which measure about 1 to 1.5 microns. These 


404 The Philippine Journal of Scicuce 


forms frequently Jie elose to the 
demonstrable in filtrates of mater: 


red blood cells ané are, also 
l known to contain the virus. 


Prowazek believed that these bodies were Chlamydozoa ۹ 
Maelie(75) and AdlerG9) have describes a disease of fowls 


in Nigeria and Palestine the symp 


toms of which are similar to 


those of fowl spirochetosis. Within the leucocytes they found 


granular bodies which resemble the nuclear matei 


1 of malaria 


parasites when stained with Giemsa's. These granules were 


not present in mast cells or in cosit 
these inclusions as Chlamydozoa. 
were found to explain the cause of t 
was infective for healthy fowls, 


INTRACELLULAR INCLUSIONS IN 


ophiles, The authors regard 
No bacteria or rotozoans 
ће disease although the blood 


AFRICAN HORSE SICKNESS 


African horse sickness is believed to be an insect-borne filter- 
able virus disease. Kuhn(80) has deseribed the presence of 
cellular inclusions in the renal epithelium, but little is known ~ 


concerning them. 


INTRACELLULAR INCLUSIONS IN TIIE SALIVARY GLAND, AND 
BLOOD CELLS OF GUINEA PIGS 


In 1920 Jackson(81) first described the presence in the sal, 


ivary glands of guinca pigs of an 
regarded as a protozoan parasite. 


intracellular body which she 
According to Jackson the 


Protozoan most often appears in the cells of the ducts of the 
salivary gland as an encysted, round or oval structure. Small 
round bodies were described by this author in the peripheral 


zone of the parasite which she tho 


Goodpasture and Talbot(4) found simi 


glands of guinea pigs which they 


ught represented merozoites, 
bodies in the salivary 
regard as identical with in- 


clusion bodies previously deseribed in infants.’ More recently 


Cole and Kuttner(82) studied the salivary glands of sovent; 


guinea pigs and found that 84 per 
These authors identified these cell 


the nuclei of which contain а mass of granular mater: 


five 


еспе contained these boi 
8 zs swollen epithelial есі, , 
ial that 


is definitely acidophilic. By transmission experiments they 
were uble to conclude that they were dealing with a virus dis. « 
vase. The.cytoplasm'of the cell stains light blue, the nuelear 


membrane stains deeply wilh basic dye, m 


the nucleus js a mass stained red. 


fourth of the nuclear space or fil it entirely с 
halo between it and fhe membrane. This c 
tain irregular masses which stain deeply yw 


(See Chapter VIIL), 
( 


nd near the center of 
"This m; 


сері for a narrow 
ar area may con- 
th the Li 
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In,certain of the large mononuclear cells in the blood of guinea 
pigs acidophilic inclusions have been found in the cytoplasm. 
These are known as “Кито bodies" and are regarded by some 
authors as Chlamydozoa. Similar inclusions have also been 
noted in sheep, rats, and certain fowls. 


INTEACELLULAK INCLUSIONS IN CERTAIN DISEASES OF FISHES 
IXMEHÓCYSMG DISEASE OF FISHES AND EPITREMOMA ағ BAREIS 

In the lymphocystig celi the nucleolus is quite dislinet, and in 
old cells i2 is acidophilic while the cell membrane is basopbjlic 
according to Woissenberg, (3) Within the plasma are seen 
vacuoles, particularly around the nucleus. Between the vacuoles 
and around their outer surface is seen & pronounced granulation. 
Besides granules one also notes very fine strands. Both gran- 
ules and strands arc apparently lipoid in nature. Weissenberg 
first thought that the granules represented the virus causing the 
disease but later withdrew this opinion. In these cells Is found 
a network body which Weissenberg believes is a specific reaction 
product comparable to the cellular inclusions of the Chlamydozoa 
diseases. (See Chapter ХШ.) 

Keyssclitz(84) has studied the histology of the epithelioma, 


“as it oceurs in Barbus, in sections stained with Ebrlich’s hæ- 


matoxylin and Preinl's stain for trypanosomes, and has dem- 
onstrated minute bodies which he believes are Chlamydozoa. 
He states that these nuclear bodics are comparable to the cellular 
inclusions of vaceinia, variola, epithelioma of fowls, molluscum 


contagiosum, trachoma, and rabies. 


INTRACELLULAR INCLUSIONS JN DISEASES ОР INSECTS 
In sections through sacbrood-diseased larve of bees White(85) 
has found that the bulk of the body is composed об fat tissue. 
The fat cells are irregular in outline and possess an irregular- 
shaped nucleus. Black-staining spherical bodies are to be found 
within the cells. This gives the lurve a granular appearance, 
The nature of the dark-staining bodies in these cells is not 


, definitely known. Possibly they may be related to inclusion 


bodies found im several of the filterable, virus diseases. 
Among "the so-called polyhedral*disegses of insets are the 

wilt diseases of the gypsy-moth caterpillar and the European 

nun-moth caterpillar. Some investigators believe that these two 

diseases are identical. Polyhedral bodies are found in both. 

The average size of these bodies is from 1 to 6 microns. They 

are Shaped like @ polyhedron with rounded angles and are 

ч аный 
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never spherical. They are highly refractive and possess a center 
denser than the periphery according to Glaser.(¥6) In fresh 
preparations very minute dancing granules are to be scen which 
may come from the polyhedral bodies. Glaser suggests that 
these dancing granules may be particles of degenevated chro- 
matic or achromatic substance, but he is inclined to the view 
that they represent extremely minute microürganisms and th 
they may represent the vegetative stage of the polyhedral bodies 
or the polyhedral bodies may be а secretion of a minute orga- 
nism contained within, He says, "as long as there*is по evi- 
dence, however, that the polyhedral bodies are directly related 
to the filtcrable virus or to the little granules, the view that 
they are reaction products appeals more strongly.” 

Polyhedral bodies are also found in jaundice of the silkworm, 
‘These were first thought to be parasites by early investigators, 
A complete description of these bodies will be found in Chapter , 
XH. Their exact nature is unknown, 

According io Pailiot(87) there is a nuclear disease of the 
caterpillar of Pieris brassicm (large white cabbage butterfly) 
associated with the presence of refringent rings in the cyto. * 
plasm of the blood and fat cells. Yt is thought that the re- ` 
fringent rings are derived from the mitochondria. y 


INTRACELLULAR INCLUSIONS IN MOSAIC DISEASES OF PLANTS 


Various intracellular bodies have been described in mosaic dis- 
eases of plants and in normal plants. Matz(88) has described 
such bodies in mosaic-diseased sugar cane. Kunkel(S9) found 
them іп orn; Palm,(0) Goldstein,(91) and Rawlins and John- 
son (92) in tobacco infected with mosaic; McKinley, Webb, amd * 
Eckerson(93) in wheat rosette, and Smith) ўр potuto mosaic. 
Nelson(95) on the other hand has described biflagellates and — ^ 
trypanosomes in the tissues of planis, while Duggar and К 
ver(96) found similar structures in both healthy and diseased 
plants. The significance of cellular fnelusions in plants js not ‘¢ 
kuown. It seems likely, however, that some of the inclusions 
that have been described may bear the same relation, what. 
ever this is, to the moseie-disease process that other intracel. " 
lular bodie$ are thought to bear to filterable iris шасы а 
they occur ің other forms of life. (See Chapter XIV.) « 
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PLATE вк. VARIOUS INCLUSION BODIES. 
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